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SUMMARY

A gas sample is extracted at a constant rate from the
source; moisture is removed from the sample stream and determined
either volumetrically or gravimetrically.

This Reference Method is used for the accurate determination
of moisture content (as needed to calculate emission data) of
stack gas. The Reference Method is often conducted simultane-
fbusly with a pollutant emission measurement run; when it 1is,
calculation of percent‘isokinetic, pollutant emission rate, etc.,
for the run shall be based upon the results of the Reference
Method or its equivalent. Alternative methods capable of yield-
ing results within 1% water of the Reference Method may be used,
subject to the approval of the administrator.

Note: The Reference Method may yield questionable results
when applied to saturated gas streams or to gas streams that
contain water droplets. Therefore, when these conditions exist
or are suspected, a second method for determining the moisture
content shall be used simultaneously with the Reference Method,
as follows. Assume that the gas stream is saturated. Attach a
temperature sensor capable of measuring to 11°C (2°F) to the
Reference Method probe. Measure the stack gas temperature at
each traverse point during the Reference Method traverse; calcu-
late the average stack gas temperature. Next, determine the
moisture percentage either by using a psychrometric chart and
making appropriate corrections if stack pressure is different
from that of the chart or by using saturation vapor pressure
tables. 1In cases where the psychrometric chart or the saturation
vapor pressure tables are not applicable (based on evaluation of
the process), alternate methods, subject to the approval of the
administrator, shall be used.

The procedure described in Method 5 for determining

moisture content is acceptable as a Reference Method.
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The Method Description which follows is based on the method
promulgated in the Federal Register, Vol. 42, No. 160, August 18,
1977. |

A complete copy of the Reference Method is contained in
Section - 3.3.10. References 1 and 2 in Section 3.3.11 were used
in the subsections concerning the description, calibration, and
maintenance of the sampling train. Data forms are provided in
Section 3.3.12 for the convenience of the Handbook user.
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METHOD HIGHLIGHTS

Method 4 is a gaseous sampling method for the determination
of water vapor content of stack gas. This method requires fewer
quality control activities than the other methods in this Hand-
book. Since moisture is collected as a gas, the analysis is not
easily biased; furthermore, water vapor is not a regulated pol-
lutant. However, an accurate determination of moisture content
is usually needed to set and determine the isokinetic sampling
rate and also to perform emission data calculations. The accu-
racy and precision3 of the method have been demonstrated to be
acceptable except when applied to saturated gas streams or to
streams that contain water droplets.

The blank data forms at the end of this section may be re-
moved from the Handbook and used as checklists during the pre-
test, field sampling, and posttest operations. Each form has a
subtitle (e.g., Method 4, Figure 2.5) to aid the user in locating
a similar filled-in form in the Method Description. Items/param-
eters that can cause significant error are designated with an
asterisk on each form.

1. Procurement of Equipment - Section 3.3.1 (Procurement
of Apparatus and Supplies) gives the specifications, criteria,
and design features for equipment and materials required for per-
forming Method 4 tests. The sampling apparatus has the same
design criteria as Method 5 with the exception that a pitot tube
system and sample nozzle are not required for collecting the

sample. This section is designed as a guide in the procurement
and initial check of equipment and supplies. The activity matrix
(Table 1.1) at the end of Section 3.3.1 can be used as a quick
reference, and follows the same order as the written deécriptions
in the main text.

2. Pretest Preparations - Section 3.3.2 (Calibration of
Apparatus) provides a step-by-step description of the reguired
calibration procedures. The calibration of the Methcd 4

equipment is similar to that of Method 5 with the exception that
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Method 4 sampling is performed at a constant rate not in excess
of 0.021 m>/min (0.75 ft3/min). The calibration section can be
removed and compiled, along with calibration sections for all
other methods, into a separate quality assurance reference manual
for use by calibration personnel. A pretest checklist (Figure
2.5) or similar form should be used to summarize the calibration
data. _

Section 3.3.3 (Presampling Operations) provides the tester
with a guide for supplies and equipment preparation for field
tests. Sample impingers may be charged in the base laboratory as
long as the water-filled impinger section and silica gel impinger
are each tightly capped. The pretest preparation form (Figure
3.1) can be used as an equipment checkout and packing list. An
important item in the pretest preparation is the determination of
stack gas saturation or water droplet content. Under these con-
ditions, a specially calibrated stack gas temperature sensor is
required for moisture determination. The methods for packing
and the descriptions of packing containers should help protect
the equipment, but are not required.

3. On-Site Measurements - Section 3.3.4 (On-Site Measure-

ments) contains a step-by-step procedure for performing sampling
and sample recovery. Testing is performed at a constant rate not
to exceed 0.02 m3/min (0.75 ft3/min). When the stack gas is sus-
pected of being saturated or having water droplets, the addition-
21 mracednra for accuratelv measuring the stack temperature to
determine the moisture content with the saturated vapor pressure
a»A ahsolute stack temperature must be performed and compared
with the Reference Method. The on-site measurement checklist
(Figure 4.4) is provided to assist the tester with a quick method
for checking requirements.

4. Posttest Operations - Section 3.3.5 (Postsampling Oper-

ations) gives the posttest equipment check procedures. Fig-
ure 5.1 or a similar form should be used to provide a summary
of the posttest calibration checks, and should be included in
the emission test report. No control samples are required for

/s
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analysis since the analysis is only a gravimetric or volumetric
determination of a sample which is large enough to provide an
easy determination. '

Section 3.3.6 (Calculations) provides the tester with the
required equations, nomenclature, and suggested number of
significant digits. It is suggested that a programmable calcu-
lator be used if available to reduce the chance of calculation
error.

Section 3.3.7 (Maintenance) provides the tester with a guide
for a routine maintenance program. This program is not required,
but if performed, should reduce malfunctions. '

5. Auditing Procedure - Section 3.3.8 (Auditing Proce-
dure) provides a description of necessary activities for con-
ducting performance and system audits. A performance audit of

the data processing and a systems audit of the on-site measure-
ments should provide independent assessments of the gquality
of data needed to allow the collaborative test results to be
used in the final data evaluation.
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PRETEST SAMPLING CHECKS
(Method 4, Figure 2.5)

Date Calibrated by

Meter box number AH@

Dry Gas Meter*

Pretest calibration factor (within 2% of the average
factor for each calibration run)

Impinger Thermometer

Was a pretest temperature correction used? yes no
If yes, temperature correction (within 2°C (4°F) of
reference value)

Dry Gas Meter Thermometer

Was a pretest temperature correction made? ves no
If yes, temperature correction (within 6°C (10.8°F) of
reference value)

Barometer

Was the pretest field barometer reading correct? yes no

Stack Gas Temperature Sensor (if required)¥*

Was a temperature sensor required for moisture determination pur-
poses? yes _ no

Was a pretest temperature correction used? yves no
If yes, temperature correction . {within *1°C (2°F) over
the entire range) _ i . o

Did the temperature sensor agree with the reference thermometer
(within $1°C (2°F) over the range of 10° to 82°C (50° to
180°F))>? ves no

*Most significant items/parameters to be checked.
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PRETEST PREPARATION CHECKLIST

(Method 4, Figure 3.1)

Acceptable

Apparatus check

Yes No

Quantity
required

Packed and
Ready loaded

Yes No “Yes No

Probe type

Borosilicate
glass

Quartz
glass

Other

Heater and lieak
checked*

Filter
In-stack
Out-stack
Glass wool __
Other

Condenser
Impingers
Other

Cooling System
Ice bath
Other

Metering System
Vacuum gauge _
Checkedx*
Pump

Leak
checked*

Thermometers
Calibrated*

Dry gas
meter

Calibrated*
Other

*Most significant items/parameters to be checked.

(continued)
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Apparatus check

Acceptable

Yes No

Quantity
required

Packed and

Ready loaded

Yes No Yes No

Barometer
Mercury
Aneroid
Cther
Calibrated*

Quantitative
Instrument

Graduated
cylinder

Trip
balance

Calibrated*

Stack Temperature

Sensor*

Type
Calibrated

*Most significant items/parameters to be checked.
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ON-SITE MEASUREMENT CHECKLIST
(Method 4, Figure 4.1)

Procedure used: Reference Approximate

Reference Method

Conducted simultaneously with pollutant emission test?

Impingers properly placed?*

Impinger content: 1st 2nd 3rd

4th Modifications

Cooling System: Crushed ice Other

Sampling time per point

Probe heater (if applicable) on? ‘Temp

Crushed ice in ice bath?

Leak check? (optional) Leakage rate

Sampling rate constant (within 10%)?%

All data properly recorded?*

Posttest leak check?* (mandatory)

Leakage rate*

Analysis - Impinger Content

Method: Volumetric - Gravimetric

Measurement of volume of water condensed:

Graduated cylinder Other
Measurement of silica gel: Balance Other
Color of silica gel? Condition

All analytical data properly recorded?

*Most significant items/parameters to be checked.
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POSTTEST EQUIPMENT CHECKS
(Method 4, Figure 5.1)

Dry Gas Meter

Pretest calibration factor Y (must be within 2y%)*

Posttest checks, Y1 Y2 (must be within 5% of
pretest)

Recalibration required? yes no
If yves, recalibration factor Y (must be within +2%)*

Lower calibration factor Y for calculations (pretest

or posttest)*

Dry Gas Thermometer

Was a pretest meter temperature correcton used? yes n
1f yes, temperature correction (within #3°C (5.4°F
over range)*

Posttest comparison with mercury-in-glass thermometer

(within +6°C (10.8°F) at room temperature)

Recalibration required? yes no

Recalibration temperature correction, 1f used (within
+3°C (5.4°F) over range)*

If yes, no correction is necessary for calculations when meter
thermometer temperature is higher

If recalibration temperature is higher, add correction to aver-
age meter temperature for calculations

o)
)

Barometer

Was pretest field barometer reading correct? yes no

Posttest comparison mm (in.) Hg [within 2.5 mm
(0.1 in.) Hg of mercury-in-glass barometer reading]

Was recalibration required? yes no

If yes, no correction is necessary for calculations when the
field barometer has the lower reading

If the mercury-in-glass reading is lower, then subtract the
difference from the field data readings for the calculation

Stack Gas Temperature Sensor (if required)

Posttest comparison [within x2°C (4°F) of reference
values]*
Was recalibration required? yes no

*Most significant items/parameters to be checked.
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES

A schematic of the sampling train used in Method 4 is shown
in Figure 1.1. Commercial models of this train are available.
For those who desire to build their own, construction details
are published in APTD'-OSSl.l
scribed in the following sections.

Allowable modifications are de-

The operating, maintenance, and calibrating procedures for

2 gince correct usage 1is

the sampling train are in APTD-0576.
important to obtaining valid results, all users should read the
document and adopt the procedures unless alternatives are out-
lined herein.

Applicable specifications, criteria, and/or design features
are in this section to aid in the selection of equipment which
assures collection of data of good quality. ©Procedures and
limits (where applicable) for acceptance checks are given. The
descriptive title, the identification number (if applicable), and
the results of the acceptance check are recorded in the procure-
ment log, which is dated and signed by the individual performing
the check. An example of a procurement log is shown 1in
Figure 1.2, and a blank copy of the log is in Section 3.3.12 for
the convenience of the Handbook user. If calibration is required
as part of the acceptance check, the data are to be recorded in a
calibration log. Table 1.1 at the end of this section is a sum-
mary of the quality assurance activities for the procurement and
acceptance of apparatus and supplies.

1.1 Sampling Apparatus

1.1.1 Probe - The sampling probe should be a borosilicate
(Pyrex), quartz glass, or stainless steel tubing with an outside
diameter (OD) of about 16 mm (0.625 in.), and it should be en-
cased i1n a stainless steel sheath with an OD of 25.4 mm (1 1in.).
Alternatively, other metals or plastic tubing may be used 1if
approved by the administrator.
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Either borosilicate or quartz glass liners may be used for
stack temperatures up to about 480°C (900°F), but guartz glass
liners should be used from 480° to 900°C (900° to 1650°F).
Either type of liner may be used at the higher temperatures for
short periods of time with administrator approval. However, the
absolute upper 1limits--the softening temperatures of 820°C
(1508°F) and 1500°C (2732°F)--for borosilicate and quartz respec-
tively must be observed.

A heating system is required which will maintain an exit gas
temperature of 120° 114°C (248° 125°F) during sampling. Other
temperatures may be specified by a subpart of the regﬁlations and
must be apprbved by the administrator for a particular applica-
tion. Since the actual probe outlet temperature is not usually
monitored during the sampling, probes constructed in accordance
to APTD-05811 and wutilizing the calibration procedures in
APTD-05762

Upon receiving a new probe, the user should visually check
it for specifications: that is, is it the length and composition
ordered? The probe should be visually checked for breaks or
cracks, and it should be checked for leaks on a sampling train
(Figure 1.l1). The probe heating system should be checked as
follows:

1. Connect the probe with a nozzle attached to the inlet
of the pump.

will be acceptable.

2. Electrically connect and turn on the probe heater for 2
or 3 min. The probe should become warm to the touch.

3. Start the pump and adjust the needle valve until a flow
rate of about 0.02 m3/min (0.75 ft3/min) is achieved.

4. Be sure the probe remains warm to the touch. The
heater should be capable of maintaining the exit air temperature
at a minimum of 100°C (212°F) under these conditions. If it can-
not, the probe should be repaired, returned to the supplier, or
rejected.

1.1.2 Condenser - Four impingers should be connected in series
with leak-free ground-glass fittings or any similarly leak-free
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noncontaminating fittings. The first, third, and fourth imping-
ers must be the Greenburg-Smith design modified by replacing the
inserts with an unconstricted 13 mm (0.5 in.) ID glass tube
extending to within 13 mm (0.5 in.) of the flask bottom. The
second impinger must be a Greenburg-Smith with the standard tip
and plate. Modifications-~-for example, using flexible connec-
tions between impingers, using materials other than glass, or
using a flexible vacuum hose to connect the filter holder to the
condenser--may be used if approved by the administrator. The
fourth impinger outlet connection must allow insertion of a
thermometer capable of measuring 11°C (2°F) of true value in the
range of 0° to 25°C (32° to 77°F).

Alternatively, any system that cools the gas stream and
allows measurement of the condensed water and the water vapor
leaving the condenser, each to within 1 ml or 1 g, may be used
with approval of the administrator.

Upon receipt of a standard Greenburg -Smith impinger, the
user should fill the inner tube with water. . If the. water does
not drain through the orifice in <6 to 8 s, the impinger tip
should be replaced or enlarged to prevent an excessive pres-
sure drop in the sampling systen. Fach impinger ‘should be
checked visually for damage--breaks, or cracks; or manufacturing
flaws such as poorly shaped connections.

0 1.1.3 Temperature Gauge - A thermometer capable of measuring

within 1°C (2°F) is located at the outlet of the fourth impinger.
The thermometer should be checked upon receipt for damage--for
example, dents, bent stem, broken face.

1.1.4 Cooling System - An ice bath container and crushed ice (or

equivalent) are needed for condensing the moisture.
1.1.5 Metering System ~ The metering system should consist of a

vacuun gauge; a leak-free vacuum pump; thermometers capable of
measuring +3°C (5.4°F) of true value in the range of 0° to 90°C
(32° to 194°F); a dry gas meter with 2% accuracy at the required
‘sampling 'rate; and related equipment as shown in Figure 1.1.
Other metering systems capable of maintalning sampling rates

;o
. S :
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within 10% of constant rate and capable of determining sample
volumes to within 2% may be used if approved by the administra-
tor. Sampling trains with metering systems designed for sampling
rates higher than that described in APTD-0581l and APTD--05762 may
be used if the above specifications can be met.

Upon receipt or after construction of the equipment, the
user should perform both positive and negative pressure leak
checks before beginning the system calibration procedure de-
scribed in Section 3.3.2. Any leakage requires repair or re-
placement of the malfunctioning item.

1.1.6 Differential Pressure Gauge - The differential pressure
gauge should be an inclined manometer or the equivalent to
measure the orifice pressure differential.

Initially, check the gauge against a gauge-oil manometer at
a minimum of three points: 0.64 mm (0.025 in.); 12.7 mm (0.5
in.); and 25.4 mm (1.0 in.) HZO‘ The gauge should agree within
5% of the gauge-o0il manometer. Repair or return to the supplier
any gauge which does not meet these requirements.

1.1.7 Barometer - A mercury, aneroid, or other barometer capable
of measuring atmospheric pressure to within 2.5 mm (0.1 in.) Hg
is required.

A preliminary check of a new barometer should be made
against a mercury-in-glass barometer or the equivalent. In lieu
of this, the absolute barometric pressure may be obtained from a
nearby weather service station and adjusted for the elevation
difference between the station and the sampling point. Either
subtract 2.5 mm Hg/30 m (0.1 in. Hg/100 ft) for an elevation in-
crease or add the same for an elevation decrease from the station
value. I1f the barometer cannot be adjusted to agree within
2.5mm (0.1 in.) Hg of the reference barometric pressure, it
should be returned to the manufacturer.

1.1.8 Graduated Cylinder and/or Triple Beam Balance - A gradu-
ated cylinder or triple beam balance may be used to measure the
water condensed in the impingers during sampling. Additionally,
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the graduated cylinder may be used to measure the water initially
placed in the first and second impingers. In either case, the
required accuracy is 1 ml or 1 g; therefore, the cylinder must
have subdivisions <2 ml, and the triple beam balance is usually
capable of weighing to the nearest 0.5 g.

1.1.9 ©Stack Gas Temperature Sensor - A thermocouple, thermom-

eter, or equivalent, for measuring the stack gas temperature
within 1$1°C (2°F) is required when the gas stream is suspected of
being saturated or containing water droplets. This accuracy
should be in the range of about 10° to 82°C (50° to 180°F). Upon
receipt check the specifications and calibrate as described in
Section 3.3.2.

&
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Table 1.1 ACTIVITY MATRIX FOR PROCUREMENT AND
ACCEPTANCE OF EQUIPMENT
Apparatus Action if
and Frequency and method | requirements
supplies Acceptance limits of measurements are not met

Sampling probe

liner

Specified material of
construction; equipped
with heating system
capable of maintaining
120° *14°C (248° +25°F)

Visually check, and
run heating system

Repair, re-
turn to sup-
plier, or re-
ject

Differential

Meet criteria (Method 2,

Check against gauge-

Repair or

pressure Sec 3.1.2); agree 0il manometer at a return te sup-
gauge within 5% of gauge-oil | minimum of 3 points: plier
(manometer) manometer 0.64(0.025); 12.7

(0.5); 25.4(1.0) mm

(in.) HZO

Vacuum gauge

Range 0-760 mm (0-30
in.) #2.5 mm (0.1 in.)
Hg at 380 mm (15 in.)
Hg

Check against a mer-
cury U-tube manometer
upon receipt

Adjust or re-
turn to sup-
plier

Vacuum pump

“

Leak free and capable
of maintaining a flgw
rate of 0.02-0.03 m™/
min (0.66-1.0 ft”/min)
for pump inlet vacuum
of 380 mm (15 in.) Hg

Check upon receipt
for leaks and capaci-

ty

Repair or re-
turn to sup-
plier

Orifice meter

AHE@ of 46.74 %6.35 mm
(1.84 *0.25 in.) H20;
not mandatory

Upon receipt, visual-
ly check for damage,
and calibrate against

Repair if

possible; other-

wise return to

wet test meter supplier
Impingers Standard stock glass; Visually check upon Return to
pressure drop across receipt; check pres- supplier
impingers not excessive | sure drop (Subsec
(Subsec 1.1.6) 1.1.6)
{continued)

S
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Apparatus
and
supplies

Acceptance limits

Frequency and method
of measurements

Action if
requirements
are not met

Dry gas meter

Capable of measuring
total volume within 2%
at a flow rate gf 0.02
m /min (0.75 ft~/min)

Check for damage upon
receipt; calibrate
against wet test
meter (Sec 3.3.2)

Reject if
damaged, behaves
erratically,

or cannot be
properly adjusted

Should read within

Thermometers Check upon receipt Reject if unable
11°C of true value for dents or bent to calibrate
in the range of 0°C to stem; calibrate
25°C for impinger against mercury-in-
thermometer, and *3°C glass thermometer
of true value in the (Sec 3.3.2)
range of 0° to 90°C
for dry gas meter
thermometers
Barometer Capable of measuring Check against a mer- | Determine cor-
atmospheric pressure cury-in-glass barom- rection factor
within #2.5 mm (0.1 eter or equivalent; or reject if
in.) Hg calibrate ( Sec difference is
3.1.2) more than * 2.5
mm (0.1 in.) Hg
Graduated Glass, Class-A, 250 ml, | Upon receipt, check Replace or re-
cylinder subdivisions <2 ml stock number, cracks,| turn to sup-
B breaks, and manufac- plier
turer flaws
Trip balance 500-g capacity; capable | Check with standard As above
of measuring within weights upon receipt
0.5 g
Stack gas Within *1°C (2°F) in Upon receipt check As above
temperature range of 10° to 82°C specifications; then
sensor (50° to 180°F) calibrate (Sec 3.3.2)

~.
-
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2.0 CALIBRATION OF APPARATUS

Calibration of the apparatus is one of the most important
functions in maintaining data quality. The detailed calibration
procedures included in this section are designed for the equip-
ment specified by Method 4 and described in the previous section.
A laboratory log book of all calibrations must be maintained.
Table 2.1 at the end of this section summarizes the quality
assurance activities for calibration. '

2.1 Metering System
2.1.1 Wet Test Meter - Wet test meters are calibrated by the
manufacturer to an accuracy of +0.5%. The calibration of the

wet test meter must be checked initially upon receipt and yearly
thereafter. A wet test meter with a capacity of 3.4 m3/h
{120 ft3/h) will be necessary to calibrate the dry gas meter.
For large wet test meters (>3%2/rev), there is no convenient
method to check the calibration. For this reason, several
methods are suggested, and other methods may be approved by the
administrator. The initial calibration may be checked by any of
the following methods:

1. Certification from the manufacturer that the wet test
meter is within +1% of true value at the wet test meter dis-
charge, so that only a leak check of the system is then required.

2. Calibration by any primary air or liquid displacement
method that displaces at least one complete revolution of the wet
test meter.

3. Comparison against a smaller wet test meter that has
previously been calibrated against a primary air or liquid dis-
placement method; as described in Section 3.5.2.

4. Comparison against a dry gas meter that has previ-
ously been calibrated against a primary air or liquid displace-

ment method.
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The calibration of the test meter should be checked annu-
ally. The calibration check can be made by the same method as
that of the original calibration, with the exception that the
comparison method need not be recalibrated if the calibration
check is within +1Y% of the true value. When this agreement is
not obtained, then the comparison method or wet test meter must
be recalibrated against a primary air or liquid displacement
method.

2.1.2 sample Meter System - The sample meter system--consist-

ing of the pump, vacuum gauge, valves, orifice meter, and dry gas
meter~-is initially calibrated by stringent laboratory methods
before it is used in the field. After the initial acceptance,
the calibration is rechecked after each field test series. This
recheck is designed to provide the tester with a method that can
be used more often and with less effort to ensure that the cali-
bration has not changed. When the quick check indicates that the
calibration factor has changed, the tester must again use the
complete laboratory procedure to obtain the new calibration
factor. After recalibration, the metered sample volume must be
multiplied by either the initial or the recalibrated calibration
factor that yields the lowest gas volume for each test run.

Before initial calibration of the metering system, a leak
check should be conducted. The meter system should be leak free.
Both positive (pressure) and negative (vacuum) leak checks should
be performed. Following is a pressure leak-check procedure that
will check the metering system from the quick disconnect inlet
to the orifice outlet and will check the orifice-inclined manom-
eter for leaks:

1. Disconnect the orifice meter line from the downstream
orifice pressure tap (the one closest to the exhaust of the
orifice), and plug this tap.

2. Vent the negative side of the inclined manometer to the
atmosphere. If the inclined manometer is equipped with a three-
way valve, this step can be performed by merely turning the
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three-way valve that is on the negative side of the orifice-
inclined manometer to the vent position.

3. Place a one-hole rubber stopper with a tube through its
one hole in the exit of the orifice, and connect a piece of
rubber or plastic tubing to the tube, as shown in Figure 2.1.

4. Open the positive side of the orifice-inclined manom-
eter to the "reading" position. If the inclined manometer is
equipped with a three-way valve, this will be the line position.

5. Plug the inlet to the vacuum pump. If a quick discon-
nect with a leak-free check valve is used on the control module,
the inlet will not have to be plugged.

6. Open the main valve and the bypass valve.

7. Blow into the tubing connected to the end of the
orifice until a pressure of 127 to 178 mm (5 to 7 in.) H,0 has
built up in the system.

8. Plug or crimp the tubing to maintain this pressure.

9. Observe the pressure reading for a l-min period. No
noticeable movement in the manometer fluid 1level should occur.
If the meter box has a leak, a bubbling-type leak-check solution
may aid in locating the leak(s).

After the metering system is determined to be leak free by
the positive leak-check procedure, the vacuum system to and in-
cluding the pump should be checked by plugging the air inlet to
the meter box. If a quick disconnect with a leak-free stopper
system 1is presently on the meter box, then the inlet will not
have to be plugged. Turn the pump on, pull a vacuum within
75 mm (3 in.) Hg of absolute =zero, and observe the dry gas
meter. If the leakage exceeds 1.5 X 1074 m3/min (0.005 ft3/min),
the leak(s) must be found and minimized until the above specifi-
cations are satisfied.

Leak checking the meter system before initial calibration
is not mandatory, but is recommended.

Note: For 'metering systems having diaphragm pumps, the
normal leak-check procedure described above will not detect
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leakages within the punmp. For these cases, the following
leak-check procedure is suggested: make a 10-min calibration
run at 0.00057 m>/min (0.02 ft>/min); at the end of the run,
take the difference of the measured wet test meter and dry gas
meter volumes; divide the difference by 10 to get the leak

rate. The leak rate should not exceed 0.00057 m3/min
(0.02 £t3/min).
Initial calibration - The dry gas meter and orifice meter

can be calibrated simultaneously and should be calibrated when
first purchased and any time the posttest check yields a ¥
outside the range of the calibration factor Y +0.05Y. A
calibrated wet test meter (properly sized, with +1Y% accuracy)
should be used to calibrate the dry gas meter and the orifice
meter.

The dry gas meter and the orifice meter should be
calibrated in the following manner:

1. Before its initial use in the field, leak check the
metering system, as described in Subsection 2.1.2. Leaks, if
present, must be eliminated before proceeding.

2. Assemble the apparatus, as shown in Figure 2.2, with
the wet test meter replacing the probe and impingers~-that 1is,
with the outlet of the wet test meter connected to a needle
valve that is connected to the inlet side of the meter box.

3. Run the pump for 15 min with the orifice meter
differential (AH) set at 12.7 mm (0.5 in.) H,0 to allow the

2
pump to warm up and to permit the interior surface of the wet

test meter to be wetted.

4. Adjust the needle .valve so that the vacuum gauge on
the meter box will read between 50 and 100 mm (2 to 4 in.)} Hg
during calibration.

5. Collect the information required in the forms

provided (Figure 2.3A or 2.3B). Sample volumes, as shown,
should be used.

S AT
S f )
i
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Date j‘)JOl 4 Meter box number EM\ = &
Barumetric pressure, Pb = Y GO in. Hg  Calibrated by N e
Gas volume Temperature
Orifice [Wet test | Dry gas | Wet test Dry gas meter
manometer | meter meter meter Inlet {Outlet | Avg | Time
setting (Vw)’ (Vd), (tw), (td.)’ (td ), (td)’ (®),
(aH), , 5 i o B Y |, o8y,
in. H20 ft ft °F °F °F °F | min in. H,0
gba SvE& AN /.‘. c,} 14 y . o e —‘—'
0> S lagrmic) ze |50 1 2% | oo | 0% %5139
1.0 5
1.5 10
2.0 10
3.0 10
4.0 10
Avg
V P (t, + 460 (. + 460) 0]°
gz’ A w Dbty ) e = 00317 AH [ w
| 13.6 | i T AH - i~ P (t,+460)| YV,
H20 Vd(Pb + 13.6) (t + 460) b *d
(RY. oo (SR e B TCCE ) [T G L /OES
0.5 | 0-0368) Ao Fer~C s o 525 |JI OB 5o e ]
.040.0737
.5 10.110
.0 0.1_47
.010.221
.010.294
If there is only one thermometer on the dry gas meter, record the temperature
under t,.
d
Figure 2.3A Dry gas meter calibration data form (English units).

-
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AHE

Nomenclature:

‘1AH@

i

i

Gas volume passing through the wet test meter, ft3.

Gas volume passing through the dry gas meter, ft3.
Temperature of the gas in the wet test meter, °F.

Temperature of the inlet gas of the dry gas meter, °F.

Temperature of the outlet gas of the dry gas méter,bdF.

Average temperature of the gas in the dry gas méter, obtained by the average td and

t °F. 1

d r
(o)
Pressure differential across orifice, in. HZO'

Ratio of accuracy of wet test meter to dry gas meter for each run; tolerance Y, =
Y $0.02Y.

Average ratio of accuracy of wet test meter to dry gas meter for all six runs;
tolerance Y = Y 10.01Y.

Orifice pressure differential at each flow rate that gives 0.75 ft3/min of air at
standard conditions for each calibration run, in. H20; tolerance = AH@ 10.15
(recommended) .

Average qrifice pressure differential that gives 0.75 ft3/min of air at standard
conditions for all six runs, in. H,0; tolerance = 1.84 10.25 (recommended).

Time for each calibration run, min.

Barometric pressure, . in. Hg.

Figure 2.3A. Dry gas meter calibration data (English units). (backside)
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Date 5 | \ ) Meter box number = M-
Barometric pressure, Pb = 713{; mm Hg Calibrated by WS D
Gas volume Temperature
Orifice Wet test| Dry gas | Wet test Dry gas meter
manometer | meter meter meter | Inlet {Outlet | Avg Time
setting v, (Vyg)s (t,), | (tg )]ty ), (tg), ®, AHG
(AH), 3 3 1 [0} Yi i,
mm H,0 m m °C °C °C ecC min bﬂ B,0
25, O32-0 1< 2C 1 1
10 . . "
O Bysspol  ye |9 | 49 L 1R nZel 986 | 23
25 0.15
40 0.30
50 0.30
75 0.30
100 0.30
Avg
2
AH ;
ad BTN v, P (ty+ 273) o = 0,00117 A [(tw+ 273) e]
13.6 | "1 AR i~ P (t,+ 273) v
0 LA
H, Va(Py + 3g) (£, +273) b~ d w
N .. 77 £ S NN DV IO I (730224 C. IS
251 1.8 | °
401 2.94
501 3.68.
751 5.51
160} 7.35

a

under td'

1f there is only one thermometer on the dry gas meter, record the temperature

Figure 2.3B Dry gas meter calibration data form (metric pnits).
(front side)



AH@

Nomenclature:

AH@

Gas volume passing through the wet test meter, m3.

Gas volume passing through the dry gas meter, m3.
Temperature of the gas in the wet test meter, °C.

Temperature of the inlet gas of the dry gas meter, °C.
Temperature of the outlet gas of the dry gas meter,-°C.

Average temperature of the gas in the dry gas meter, obtained by the average of td
°C. : 1
d ’

Pressure differential acrOSs orifice, mm HZO'

Ratio of accuracy of wet test meter to dry gas meter for each run; tolerance Y =
Y +0.02Y.

Average ratio of accuracy of wet test meter to dry qas meter for all six runs;
tolerance Y = Y +0.01Y.

Orifice pressure differential at each flow rate that gives 0.021 m3
conditions for each calibration run, mm H20 tolerance AH@ = AH@ +3.8 mm H20
(recommended).

Average orifice pressure differential that gives 0.021 m3 of air at standard con-
ditions for all six runs, mm Hzo tolerance AH@ = 46.74 +6.3 ‘mm H 0 (recommended).
Time of each calibration run, min.

Barometric pressure, mm Hg.

Figure 2.3B. Dry gas meter calibration data (metric units). (backside)
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6. Calculate Y, for each of the six runs, using the equa-
tion in Figure 2.3A or B under the Yi-column, and record the
results on the form in the space provided.

7. Calculate the average Y for the six runs using the
following equation:

v = Y, + Y2 + Y, 4 Yot Y Ye

6

Record the average on Figure 2.3A or B in the space provided.

8. The dry gas meter should be cleaned, adjusted, and
recalibrated, or rejected if one or more values of Y fall outside
the interval Y +0.02Y. Otherwise, the average Y (calibration
facter) 1s acceptable and will be used for future checks and
subseguent test runs.

9. Calculate AH@i‘ for each of the six runs using the
equation in Figure 2.3A or B under the AH@i column, and record
on the form in the space provided.

10. Calculate the average AH@ for the six runs using the
following equation:

AH@l + AH@2 + AH@3 + AH@4 + AH@S + AH@6

AH@ = 3

Record the average on Figure 2.3A or B in the space provided.

11. Adjust the orifice meter or reject it if AH@i varies
by more than +3.9 mm (0.15 in.) HZO over the range of 10 to
100 mm (0.4 to 4.0 in.) HZO' Otherwise, the average AH@ 1is
acceptable and will be used for subsequent test runs.

Posttest calibration check - After each field test series,
conduct a calibration check of the metering system, as in Sub-
section 2.1.2, except for the following variations:

1. Three calibration runs at a single intermediate orifice
meter setting may be used with the vacuum set at the maximum
value reached during the test series. The single intermediate

(L{)
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orifice meter setting should be based on the previous field test.
A valve must be inserted between the wet test meter and the inlet
cf the metering system to adjust the vacuum.

2. If a temperature-compensating dry gas meter was used,
the calibration temperature for the dry gas meter must be within
+6°C (10.8°F) of the average meter temperature during the test
series. '

3. Use Figure 2.4A or 2.4B, and record the required
information.

If the calibration factor Y deviates by <5% from the
initial calibration factor Y (determined-in Subsection 2.1.2),
then the dry gas meter volumes obtained during the test series
are acceptable. If Y deviates by >5%, recalibrate the metering
system (as 1in Subsection 2.1.2), and use whichever meter
coefficient (initial or recalibrated) that yields the lowest gas
volume for each test run.

Alternate procedures--for example, using the orifice meter
coefficients~-~may be wused, subject to the approval of the
administrator.

2.2 Temperature Gauges

2.2.1 Impinger Thermometer - The thermometer used to measure the
temperature of the gas stream exiting the impinger train should
initially be compared with a mercury-in-glass thermometer which
meets ASTM E-1 No. 63C or 63F specifications. The procedure is
as follows: :

1. Place both the reference thermometer and the test
thermometer in an ice bath. Compare readings after they both
stabilize.

2. Remove the thermometers from the bath and allow both
to come to room temperature. Again, compare readings after
they both stabilize.

3. Accept the test thermometer 1if its reading agrees
within 11°C (2°F) of the reference thermometer reading at both
temperatures. 1f the difference is greater than 11°C (2°F),




o

Test number B/’ 3 Date j 7 Meter box nuniber E -7 Plant’A',Cmg Focuef 7)qh+

a—

Barometric pressure, Pb = :287‘,_2 in. Hg Dry gas meter number FM - :Z Pretest Y O-98 L -
Orifice Gas volume _ Temperature YT;
manometer | Wet test Dry gas | Wet test Dry gas meter
setting, meter - meter meter | Inlet | Outlet Averagg Vw Pb (td + 460)

(aH), (Vw), (Vd), ,(tw), (td ), (td ), (td), Time Vacuum Yi :
in. H,0 f3 - £3 oF i o oF (6), | setting, v, (Pb + AH )(tw + 1460)
. °F °F min in. Hg 13.6
B RSy _ ' OB TV o ¢ HC0)
ey .10 g763f| 72185 75| 79 |B3F| 3 0.987) 705933573 SRR D
10 ’ .
10
Y =

2 If there is only one thermometer on the dry gas méter, record the temperature under td
where ‘ )

Vw = Gas vblume passing through the wet test meter, f;3.

Vd = Gas volume péssing through the dry gas meter, fts.

t, = Temi)erature ‘of the gas in the wet test meter, °F.

t’d‘..‘: Temperature of the inlet gas of the dry gas meter, °F.
i N
td = Temperature of the outlet gas of the dry gas meter, °F.
o B
t; = Average temperature of the gas in the dry gas meter, obtained by the average of ty; and t,, °F. Eggg’
AH = Pressure differential across orifice, in. H20. 1 ° ﬁ 5'5.9,
: % H-
Y. = Ratio of accuracy of wet test meter to dry gas- meter for each run. 5 ﬁ;"é“g o
Y = Average ratio of accuracy of wet test meter to dry gas meter for all three runs; o 2 = 4
tolerance = pretest Y +0.05Y. H’S %’ o
= .
- . ’ . w
Pb Barometric pressure, in. Hg © .
6 = Time of calibration run, min. Ao
N

Figure 2.4A Posttest dry gas meter calibration data form (English units).
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Test number 23} - A Date ':']’//;'\'/77 Meter box number FM- 7

Barometric pressure, Pb

= __Zﬁ_c_) mm Hg Dry gas meter number epA~7

Plant £ e P2ower Plam %

Pretest Y

e

@93

Orifice Gas volume Temperature ) Yi

manometer Wet test Dry gas Wet test Dry gas meter:

setting, meter meter meter {Inlet |Outlet Averagg' Vw Pb (td + 273)

(&), ), vVg), (t,) [(tg )| (g )| (t),% | Time. | Vacuum

mm HZO 3 m3 oC i ) oC o), setting, Vd Pb + AH tw + 273

m oC °C min mm Hg 13.6
2oe 17X ) - N _ ~ e 130C7 30T S r s 730
18 . 2557301 ) |BES|YX S8 |29 2D 0:30] = (750 v g ZFln

.3
.3

a

where

Gas volume passing through the wet test meter, m>.

Gas volume passing

Temperature of the

Temperature of the

Temperature of the

Average temperature of the gas in the dry gas meter, obtained by the average of td

through the dry gas meter, m3.

gas in the wet test meter, °C.

inlet gas of the dry gas meter, °C.

outlet gas of the dry gas meter, °C.

Pressure differential across orifice, mm HZO.

Ratio of accuracy of wet test meter to dry gas meter for each run.

Average ratio of accuracy of wet test meter to dry gas meter for all three runs;
tolerance

= pretest Y +0.05Y.

Barometric pressure, mm Hg.

Time of calibration run, min.

Figure 2.4B Posttest meter calibration data form (metric units).

If there is only one thermometer on the dry gas meter, record the temperature under td
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the thermometer should be adjusted and recalibrated until the
Criteria are met, or it should be rejected.

4. Prior to each field trip compare the room temperature

with the meter thermometer and the mercury-in-glass thermometer.
If the readings are not within +2°C (4°F), the meter thermometer
should be replaced or recalibrated.
2.2.2 Dry Gas Thermometers - The thermometers used to measure
the metered gas sample temperature should initially be compared
with a mercury-in-glass thermometer as above, using a similar
procedure.

1. Place the reference and the test thermometers in a hot
water bath maintained at 40° to 50°C (104° to 122°F). Compare
the readings after both stabilize.

2. Allow both thermometers to come to room temperature.
Compare readings after the thermometers stabilize.
3. Accept the test thermometer if its reading agrees

within 3°C (5.4°F) of the reference thermometer reading at both
temperatures. 1If not, either the thermometer should be adjusted
and recalibrated or a temperature correction factor should be
marked on the thermometer where it is readily visible to the
operator. When the factor is used, it must be noted on the pre-
test sampling check form (Figure 2.5) and in the calibration log.

4. Compare the temperatures prior to each field trip at
room temperature with the thermometer as part of the meter
system. If the readings or corrected values are not within 16°C
(10.8°F) of the mercury-in-glass thermometer value, the meter
thermometer should be replaced or recalibrated.

2.3 Barometer .

The field barometer should be adjusted initially and before
each test series to agree within #2.5 mm (0.1 in.) Hg of the
mercury-in-glass barometer or with the pressure reported by a
nearby National Weather Service Station. Correction for eleva-
tion difference between the station and the sampling point should
be applied at a rate of -2.5 mm Hg/30 m (0.1 in. Hg/100 ft).
Record results on the pretest sampling check form (Figure 2.1).

e
127
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/4

Date pecarny /2, /980 calibrated by & C B Lo cone
¢ J M g
Meter box number F77-/ AH@ /4

Dry Gas Meter=

Pretest calibration factor 0. 950 (within 2% of the average
factor for each calibration run)

Impinger Thermometer

Was a pretest temperature correction used? v no

yes
I1f yes, temperature correction (within 2°C (4°F) of
reference value) :

Dry Gas Meter Thermometer

Was a pretest temperature correction made? _ yes i no
1f yes, temperature correction (within 6°C (10.8°F) of
reference value)

Barometer

Was the pretest field barometer reading correct? v yes no

Stack Gas Temperature Sensor (if required)*

_Was a temperature sensor required for moisture determination pur-
poses? yes v~ no

Was a pretest temperature correction used? yes v~ no
If yes, temperature correction — (within zI°C over

the entire range)

Did the temperature sensor agree with the reference thermometer
(within 21°C (2°F) over the range of 10° to 82°C (50° to
180°F))> L~ yes no

*Most significant items/parameters to be checked.

Figure 2.5 Pretest sampling checks.
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2.4 Trip Balance

The trip balance should be calibrated initially by using
Class~S standard weights and should be within 0.5 g of the
standard weight. Adjust or return the balance to the manufac-
turer if limits are not met.

2.5 Stack Gas Temperature Sensor

The stack gas temperature must be accurately determined when
the stack is suspected of being saturated or having water drop-
lets. Therefore proper calibration of the stack gas temperature
sensor 1is important for this method. Upon receipt, the sensor
should be calibrated over the entire range. An ASTM E~1 No. 3C
or 3F thermometer should be used as the reference temperature.
The initial and, as required, recalibration procedure is as
follows:

1. Place both the temperature sensor and the reference
thermometer in water or in a controlled-temperature atmosphere.
2. Record both temperatures after each has stabilized for
30 s. Increase the temperature in increments of about 6°C

(10°F), taking readings over the entire range (10-82°C (50-
180°F)).

3. Both values should agree within 11°C (2°F). If not,
the temperature sensor should be adjusted if possible. However,
if the values are off by a constant factor over the entire range,
a correction factor may be used.

.~ After each field use, the temperature sensor calibration
should be checked. The procedure for the check is as follows:

1. Check the temperature sensor with the reference ther-
mometer at a temperature within #5°C (10°F) of the average stack
temperature. If the values agree within 2°C (4°F), then the
pretest calibration is acceptable.

2. When the above agreement is not met, the temperature
sensor should be recalibrated at a temperature within 2°C (4°F)
of the average stack temperature, and a correction factor should
be determined with the reference thermometer. The difference

s
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between the temperature sensor and the reference thermometer
should be used to correct the average stack temperature for cal-
culation purposes. Also, a complete recalibration of the temper-
ature sensor 1is suggested.
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Table 2.1 ACTIVITY MATRIX FOR EQUIPMENT CALIBRATION

REQUIREMENTS

Apparatus

Acceptance limits

Action if
requirements
are not met

Frequency and method
of measurements

Wet test meter

Capac%ty of at lgast
3.4 m~/h (120 ft7/h)
and accuracy within
19

Calibrate initially
and then yearly by
the liquid displace-
ment technique; see
Subsec 2.1.1

Adjust until
specifications
are met, or re-
turn to manu-
facturer

Dry gas meter

Yi =Y 20.02Y at a flow
rgte of 0.02-0.033
m”/min (0.66-1 ft”/min)

Calibrate vs. wet
test meter initially
to agree, and when
the posttest check is
not within Y #0.05Y

Repair or re-
place, and then
recalibrate

Thermometers Impinger thermometer Calibrate each ini- Adjust, deter-
t1°C (2°F); dry gas tially as a separate |mine a constant
meter thermometer component against a correction fac-
*3°C (5.4°F) over mercury-in-glass tor, or reject
range thermometer; before

each field trip,
compare each as part
of the train with
the mercury-in-glass
thermometer

Barometer $2.5 mm (0.1 in.) Hg Calibrate initially Adjust to agree
of the mercury-in-glass | using mercury-in- with certified
barometer glass barometer; barometer

check before and after
each field test

Stack gas Pretest calibration Calibrate initially Adjust to

temperature $1°C (2°F) over range; | over the range with agree with re-

sensor for
moisture de-
termination

posttest check *2°C
(4°F) ‘

an ASTM reference
thermometer; after
each field test, make
a single-point cali-
bration check

ference ther-
mometer; use a
constant cor-
rection factor,
or reject;
posttest data
corrected for
calculation
purposes
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3.0 PRESAMPLING OPERATIONS

The quality assurance activities for presampling operations
are summarized in Table 3.1 at the end of this section. See
Section 3.0, the introduction to this Handbook, for details on
preliminary site visits.
3.1 Apparatus Check and Calibration

A pretest check will have to be made on most of the sampling
apparatus. Figure 3.1 should be used as a pretest operations and
packing list. An inquiry must be made as to whether the stack
gas is saturated or has water droplets.
3.1.1 Sampling Train - The specifications of the Method 4 sam~
pling train used by the EPA are given in Figure 1.1. Commercial
models of this system are available. Each individual or fabri-
cated train must be in compliance with the specifications of the
Reference Method, Section 3.3.10.
3.1.2 Probe =~ Clean the probe'internally by brushing first with
tap water, then with deionized distilled water, and finally with
acetone; allow it to dry in the air. In extreme cases, the probe
liner can be cleaned with stronger reagents. In either case, the
objective is to leave the probe liner free from contaminants.
The probe's heating system should be checked to see that it is
operating properly. The probe should be sealed at the inlet or
tip and checked for leaks at a vacuum of 380 mm (15 in.) Hg, and
the probe must be leak free under these conditions.
3.1.3 Impinger and Glass Connections - All glassware should be
cleaned first with detergent and thoroughly rinsed with tap water
and then with deionized distilled water. All glassware should be

visually inspected for cracks or breakage and then repaired or
discarded if defective.

3.1.4 Pump - The vacuum pump should be serviced as recommended
by the manufacturer, or every 3 mo, or upon erratic behavior
(nonuniform or insufficient pumping action). Check oiler jars,
if used, every 10 tests.

£/39)
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Apparatus check

Acceptable

"Yes No

Quantity
required

Ready

Packed and
loaded

Yes No

Yes NO

Probe type

Borosilicate
glass v
Quartz
glass
Other

Heater and leak
checked*

vd

3

v

v’

Filter

In-stack o
Out-stack

Glass wool

Other

N

Condenser

Impingers \//(

Other

\

5¢5
o WO

Cooling Systeﬁg
Ice bath v
Other

N

NS

Metering System

N\

Vacuum gauge

Checked* v

Pump v
Leak S
checked* e

Thermometers v/
Calibrated*

Dry gas
meter

Calibrated*
Other

I\

|-

v’
v
v
-

3

*Most significant items/parameters to be checked.

Figure 3.1

Pretest preparation checklist.

NN

\

(continued)
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Apparatus check

Acceptable Quantity

Yes No | required

Ready

Packed and
loaded

Yes No

Yes No

Bafometer
Mercury s
Aneroid __
Other
Calibrated* v/

S SV

Quantitative
Instrument

Graduated
cylinder v

Trip
balance o

Calibrated# y2s

Stack Temperature

Sensor*

TYPe pwenernyzrs
Calibrated yss

*Most significant

items/parameters to be checked.

/-’/’f /V/ |
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3.1.5 Dry Gas Meter ~ A dry gas meter calibration check should
be made using the procedure in Section 3.3.2. '

3.1.6 Silica Gel =~ Either dry the used silica gel at 175°C
(3SO°F) or use fresh silica gel and weigh several 200- to 300-g
portions in airtight containers to the nearest 0.5 g. Record the
total weight (silica gel plus container) on each container.

3.1.7 Thermometers - The thermometers should be compared to the
mercury -in -glass reference thermometer at ambient temperature
(Subsection 2.2.1 of Section 3.3.2).

3.1.8 Barometer - The field barometer should be compared with
the mercury -in -glass barometer or the weather station reading
prior to each field trip (Section 3.3.2). |

3.1.9 Stack Gas Temperature Sensor - A specilally calibrated
temperature sensor is required if the stack gas 1s saturated or
has water droplets present. The sensor should be calibrated

against a reference thermometer (Section 3.3.2).

3.1.10 Water - It is recommended, but not required, that 100 ml
of deionized distilled water conforming to ASTM D1193-74 type 3
be used in each of the first two impingers.

3.2 Equipment Packing

The accessibility, condition, and functioning of measurement
devices in the field depend on careful packing and on the care of
movement on site. Eguipment should be packed to withstand severe

treatment during shipping and field handling operations. One
major consideration in shipping cases 1is the construction
materials. The following containers are suggested, but are not
mandatory.

3.2.1 Probe - Seal the inlet and outlet of the probe and then
wrap with polyethylene or other suitable material to protect the
probe from breakage. An 1deal container is a wooden case (0r
equivalent) lined with foam material and with separate compart-
ments to hold individual probes. The case should have handles or
eye-hooks that can withstand hoisting and that will be rigid
enough to prevent bending or twisting during shipping and han-
dling.

(e

7

N
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3.2.2 Impingers, Connectors, and Assorted Glassware - All im-
pingers and glassware should be packed in rigid containers and
protected by polyethylene packing material or other suitable

material. Individual compartments for glassware will help to
organize and protect each piece and simplify inventorying.
3.2.3 Volumetric Glassware - A sturdy case lined with foam

material can contain drying tubes and assorted volumetric glass-
ware.

3.2.4 Meter Box - The meter box=--which contains the manometers,
orifice meter, vacuum gauge, pump, dry gas meter, and thermom-
eters--should be packed in a shipping container unless its
housing is sufficient to protect components during travel.
Pump oil sump and oiler jars should be drained to prevent fouling
of the components during shipment. Additional pump 0il should be
packed if o0il is required. It is advisable to carry a spare
meter box in case of failure. L
3.2.5 Wash Bottles and Storage Containers - Storage containers
and miscellanecus glassware should be packed in a rigid foam-. -
lined container.
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Table 3.1 ACTIVITY MATRIX FOR PRESAMPLING PREPARATIONS

Action if
_ Frequency and method |[requirements
Apparatus Acceptance limits of measurements are not met
Probe - 1. Probe liner free of | 1. Clean probe in- 1. Repeat
contaminants and con- ternally by brushing |[cleaning pro-
structed of borosili- using tap water, then |[cedure, and
cate glass, quartz, or | deionized distilled reassemble
equivalent; metal water, and finally
liners must be approved | acetone; air dry
by administrator before test
2. Probe leak free 2. Visually check be-|2. Replace
at 380 mm (15 in.) Hg fore test
3. Probe that prevents| 3. Check heating 3. Repair or
moisture condensation system initially and replace
when moisture cannot
be prevented during
testing
Impingers, Clean and free of Clean with detergent |Repair or
filter breaks, cracks, leaks, and tap water, then discard
holders, and | etc. deionized distilled
glass con- water
tainers
Pump _ Sampling rate of about | Service every 3 mo Repair or re-
0.02-.03 m /min (0.66-1| or upon erratic be- turn to manu-
£1°/min) up to 380 mm havior; check oiler facturer
(15 in.) Hg vacuum at jars every 10 tests
pump inlet
Dry gas meter Readings within #2% Calibrate according As above
average calibration to Sec 3.3.2
factor; clean check for excess oil
Thermometers Readings within %2°C Compare with mercury- [Replace or re-
(4°F) of mercury-in- - in-glass thermometer calibrate
glass thermometer at room temperature
prior to each field
test
Barometer Readings within 2.5 mm | Compare with mercury- [As above
(0.1 in.) Hg in-glass barometer
or value reported by
nearby National Wea-
ther Station corrected
for elevation prior to
each field test A
(continued) P -
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Apparatus

Acceptance limits

Frequency and method
of measurements

Action if
requirements
are not met

Stack gas
temperature
sensor for
moisture
determination

ilOC 820F) oyer range
of %0 to 80°C (50" to
1807F)

Compare against ASTM
reference thermometer

As above

Water

Deionized distilied;
ASTM-D1193-74 type 3

Run blank evapora-
tions prior to field
use to eliminate high
solids (only required
if impinger contents
to be analyzed)

Redistill or
replace

Silica gel

Indicating type, size
6 to 16 mesh; dry
used gel at 175°C
(350°F) for at least

2 h; weigh 200 g por-
tion to nearest 0.5 g;
record the weight

Prior to each field

test, observe drying
time if appropriate;
check weighings

Repeat proce-
dure

Package Equip-
ment for

Shipment
Probe

Packed in rigid con-
tainer and protected
by polyethylene foam

Prior to each ship-
ment, check packing
of equipment

Repack

Impingers, con-
tainers, and
assorted
glassware

Packed in rigid con-
tainer and protected
by polyethylene foam

As above

As above

Meter box

Meter box case and/or
additional material to
protect train compon-
ents; pack spare meter
box '

As above

As above
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4.0 ON-SITE MEASUREMENTS

The on-site activities include transporting the equipment to
the test site, unpacking and assembling the equipment, making
duétvmeasurements, determining whether the stack gas is saturated
or has water droplets, charging the impingers, obtaining a sam-~
ple, and recording data. Table 4.1 at the end of this section
summarizes the on-site quality assurance activities and Figure
4.1 is an on-site measurement checklist. Blank data forms are in
Section 3.3.12 for the convenience of the Handbook user.
4,1 Handling Equipment

The most efficient means of transporting or moving the
equipment from ground level to the sampling site should be
decided during the preliminary site visit or through prior cor-
respondence to minimize damage to the test equipment or injury to
test personnel. A “laboratory" area should be designated for
assembling the sampling train, placing the filter in the filter
holder, charging the impingers, recovering the sample, and docu-
mernting the results; this area should be clean and should be free
of excessive drafts.

4.2 sSampling .
The on-site sampling includes addition of the water and
silica gel to the impingers; setup of the sampling train; con-
nection to the electrical service; preparation of the probe (leak
check of entire sampling train and addition of particulate fil-.
ter); insertion of the probe into stack; sealing of the port;
check of the probe temperatuyre; and sampling and recording the
data (Figure 4.2). A final leak check of the train is mandatory
after sampling. ,
4.2.1 Preliminary Measurements and Setup - The sampling site
should be selected in accordance with Method 1. If this is
impossible due to duct configuration or other reasons, the
site should be approved by the administrator. A 115 V, 30-A
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Procedure used: Reference v/ Approximate

Reference Method

Conducted simultaneously with pollutant emission test? .ggéﬁ
impingers properly placed?* ez’

Impinger content: 1st gdm/ /., O 2nd f2im/ /éo 3rd mgf}_
| 4th 2004 Siheqgel Modifications

Cooling System: Crushed ice v Other
Sampling time ber point & miny
Probe heater (if applicable) on? ! Temp JLI50°F "
Crushed ice in ice bath? spet!
Leak check? (optional) et Leakage rate 0. O
sampling rate constant (within 10%)?* ,e;kﬁl
All data properly recorded?* ﬁ?&ﬁ/
Posttest leak check?* (mandatory) 29&4/
Leakage rate% 0.0

Analysis - Impinger Content

Method: Volumetric v Gravimetric

Measurement of volume of water condensed:

Graduated cylinder ‘ yet Other
Measurement of silica gel: kBalance v Other
Color of silica gel? Yy 7Ny Condition ougwmm;
All analytical data properly recorded? » N2y

v

*Most significant items/parameters to be checked.

Figure 4.1 On-site measurement checklist



Plant Acme Puler Plant

Probe material G\ s

Impinger | Silica gel
Location 0 4 Sample box number &~ % volume, weight,
Operator pqf Meter box. number - ml g
Date 10174 Meter AH@ | L)-;
Run number j - Meter cal. (Y .0} Final -
Ambient temperﬁlzg L éf 9~ Final leak x(‘at):e : o go °'l7l -F)/:S—'O
Barometric pressure $9.p00nVacuum during leak check 2. Initial QOD &03’ 5
Probe length m{ft) @ {4+ Thermometer number BF- <
Static pressure —;nAn 5 KO
Pressure Meter Temperature
differential | reading of gas
Stack across gas sample % Gas sample temperature leaving
Traverse | Sampling |temper- | orifice meter volume, AV, at dry gas meter condenser or
point time (6),] ature, (aH), 3 n 3 Inlet Outlet last impinger,
number win |9 (°F) | (in.) K0 | o (£25) | (£°) (Tm, )%(°F) | (Tn_ IHKCF) | %€ (°F)
Szark O 129 — 517, — — - -
! 5 {33 LD 512:79 L3 L2 Lk __ Ex
o2 /O 130 £:0 I o2.59 - (M 22 L9 LS
3 15 137 LD S5 | 0iked 26k 70 s
H 20 137 LO 7885 | 244 28 wi b
s 2.5 137 1.0 xapdd | obLY S0 2 b,
L 20 /128 LO 333./0 .6l ™Y 23 Iy
7 35 13% /-0 5235.75 1 D63 B4 2 b5
g Y0 137 LD I28.30 | D43 2.9 5% (o
9 o .37 ;0 SN0 o2 LY 0 14 &7
10 50 135 /.0 54362 PO Y] 923 2% &7
h 55 | 130 [0 s .26 063 25 29 LE
12 L0 129 ) BY¥.56 | 2.01 2Ue 80 ¥
Total (.0
Average 134. 3 ) 2 (8 78.8
" - V final - V initial
* Acceptable AV = 0.9 < S~ coints I+l o237 to J.69 .

SN

\\\ \
\_\x‘\\l

Figure 4.2 Method 4 field and sample recovery data form.

~
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electrical supply is necessary to operate the standard sampling
train. A minimum of eight traverse points should be used for
rectangular stacks having equivalent diameters <0.61 m (<24 in.),
and a minimum of 12 should be used for all other stacks unless
otherwise specified by the administrator. Record all data on the
traverse point location form shown in Section 3.0 (introduction
to this volume). These measurements will be used to locate the
sampling probe during preliminary measurements and actual sam-
pling.

Select a suitable probe liner and probe length so that all
traverse points can be sampled. For large stacks, consider
sampling from opposite sides of the stack to reduce the length of
the probe.

Select a total sampling time so that a minimum gas volume of

0.60 sm3 (21 sft3) can be collected at a constant rate of <0.021
ms/min (0.75 ft3/m). The rate can be limited by selecting a
pressure drop (AH) which is <AT@ for the orifice meter.
Note: If moisture saturated or droplet-laden gas streams are
suspected, two calculations of the moisture content of the stack
gas should be made--one using a value based on the saturated
conditions (Egquation 4-1) and another using the results of the
impinger analysis. The lower of these two Bus values should be
considered correct.

To determine the moisture content in moisture saturated or
droplet-laden gas streams, attach a temperature sensor capable of
measuring 1t1°C (2°F) to the probe; measure the stack gas tempera-
ture at each traverse point during the traverse; measure the

absolute stack pressure. Determine the moisture percentage,
elther by:
1. Using a psychrometric chart and making appropriate

corrections if stack pressure is different from that of the
chart, or

2. Using saturation vapor pressure (S.V.P.) Tables 6.1A
and 6.1B of Section 3.3.6 and Equation 4-1.
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S.V.P.

B = Bguation 4-1
ws p , Tstatic
bar 13.6
where
B, = water vapor in the gas stream, proportion by
volume
S.V.P. = saturated vapor pressure of water at average
stack temperature, mm (in.) Hg
Pbar = barometric pressure, mm (in.) Hg, and
Pstatic = static pressure of the stack, mm (in.) HZO'

If the psychrometric chart or the saturation vapor pressure
tables are not applicable (based on evaluation of the process),
alternate methods approved by the administrator should be used.

The stack gas can be checked for saturation with wet and dry

bulb thermometers. When the stack is saturated, the wet and dry
bulb temperatures are the same. This will not, however, check
for the presence of water droplets.
4.2.2 Condenser Preparation - Place known volumes of water in
the first and second impingers; generally, 100 ml in each im-
pinger is adequate. Immerse the tips of the impinger tubes at
least 13.0 mm (0.5 in.) in the water. The third impinger should
be left dry to trap any entrained water droplets. Place a known
amount of silica gel in the fourth impinger; generally, 200 g is
sufficient. Record the amount of water and silica'gel placéd in
the impingers. If the stack temperature is high >400°C (752°F),
a lower sampling rate may be necessary to maintain'the tehpera-
ture leaving the fourth impinger at <20°C (<68°F).

Alternatively, each impinger and its contents can be weighed
to the nearest 0.5 g. Record these weights on the analYtical
data form (Figure 4.3) for determining the amount of water con-
densed. '

4.2.3 Sampling Train Assembly - Assemble the sampling train as .
shown in Figure 1.1, and perform the following:

1. Adjust the probe heater to operating temperature, and
place crushed ice and water around the impingers.

(73]



Section No. 3.3.4
Revision No. 0O

Date January 15, 1980
Page 6 of 10

p1ant ACHME Finéy ﬂa/w’/
Date 4?:117—’77
Run number /4f%14

Volume of liquid
water collected

Impinger Silica gel
volume, weight,
ml g
Final Z’.}[ ‘//"/{5,-0

Initial 200 2035
Liquid collected 2 /1.5

Total volume collected , g* |§25ml

* Convert weight of water to volume by dividing total weight
increase by density of water (1 g/ml):

Increase, g _
T g/ml = water volume, ml.

Figure 4.3 Methed 4 analytical data form.

2. Leak check the sampling train just prior to use by
disconnecting the probe from the first impinger or (if appli-
cable, from the filter holder); plug the inlet to the first
impinger (or filter holder); and pull a 380 mm (15 in.) Hg
vacuum. If the leakage rate is >4% of the average sampling rate
or if it is >0.00057 m3/min (0.02 ft3/m), whichever is less, it
is unacceptable. This leak check is recommended but not manda-
tory.

3. Place a loosely packed filter of glass wool in the end
of the probe if an external heated filter is not used, and con-
nect the probe to the sampling train.

4. Attach a stack temperature sensor on the probe when
required.

4.2.4 Sampling Train Operation (Constant Rate) - Sampling is
performed at a constant rate of approximately 0.02 m3/min (0.75
ftB/m) or less during the entire period as follows:
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1. Record the initial dry gas meter readings, barometric
pressures, and other data as indicated in Figure 4.2.
2. Position the tip of the probe at the first sampling

poirt, and turn on the pump.
| 3. Adjust the sample flow to the predetermined constant

rate of 0.021 m°>/min (0.75 ft>/m) or less.

4. Take other readings reguired by Figure 4.2 at least
once at each sample peint during each time increment.

5. Record the dry gas meter readings at the end of each
time increment.

6. Record the stack gas temperature at each point when the
stack gas is saturated or has water droplets.

7. The static pressure of the stack must also be deter-
mined when the moisture content is to be calculated using the
partial pressuré method.

8. Repeat steps 3 through & for each sampling point.

9. Turn off the pump, remove probe from the stack, and
record the final readings after each traverse.

10. Leak check (as described in Subsection 4.2.3) after the

last traverse, and record all leakage rates. This leak check is
mandatory.

11. Cap the impingers with serum caps (or equivalent) and
transport to the sample cleanup area 1if the train passes the leak
check. If it does not, either reject the test results or correct
the sample volume (see Section 3.4.6).

12. Check the sampling rate and the sample volume (Avm) for
each point. The volume for each point should be within *10% of
the average sample volume for all points. If all are within the
limit, then the sample run is acceptable; otherwise, reject the
results and either repeat the test run or consult the administra-
tor.

4.3 Sample Recovery

Measure the volume of the condensed moisture to the nearest
1 ml. Determine thé increase in weight of the silica gel (or gel
plus impinger) to the nearest 0.5 g. Record these data on the
data form shown in Figure 4.3 or on a similar form.
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4.4 Sample Logistics, Data Collection, and Equipment Packing

Follow the above procedures until the required number of
runs are completed. At the completion of the test:

1. Be sure that all data recorded during the field test
are duplicated by using carbon paper or by using data forms and a
laboratory notebook. Mail one set of data to the base labora-
tory, or give it to another team member or the agency, and have
the other handcarried.

2. Examine all sampling equipment for damage and for
proper packing for shipment. Label all shipping containers
properly to prevent sample or eguipment loss.
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Table 4.1 ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS
Action if
Frequency and method requirements
Apparatus Acceptance limits of measurements are not met

Condernser,
addition of
water and
silica gel
to system

100 ml of distilled
water in first two
impingers; approximate-
ly 200 g of silica gel
in fourth impinger

Either use graduated
cylinder to measure
water or weigh each
impinger and its con~
tents to nearest 0.5 g

Correct the
additions

Assembling
sampling
train

1. Assembled to speci-
fications in Fig 1.1

2. Leak xate <4% or
0.Q0057 w™/min (0.02
ft”/min), whichever is
less

1. Assemble before
each sample run

2. Leak check before
sampling by plugging
the nozzle or inlet
to first impinger and
pulling a vacuum of
380 mm (15 in.) Hg

1. Reassemble

2. Correct
leak

Sampling

(continued)

1. Sampling volume for
each point within 2109
of average sample volume
for all points

2. Minimum total sam-
plg gas volgme of 0.60
sm”~ (21 sft”) at a con-
stant sagpling rate ‘3
<0.021 m”/min (0.75 ft
min)

/

3. Minimum number and
location of points
specified by Method 1

1. Calculate for
each test run

2. Make a quick cal-
culation before test-
ing; do an exact cal-
culation after tra-
verse

3. Check before the
first test run by mea-
suring duct and using
Method 1

1. Repeat test
run

2. As above

3. Repeat the
procedure to
comply with
specifications
of Method 1
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Apparatus

Acceptance limits

Frequency and method
of measurements

Action if
requirements
are not met

Sampling (cont.)

4. Leakage rate <49
of the average sampling
volume or <0.00057 m3/
min (0.02 ft3/min),
whichever is less

4. Leak check after
each test runm or be-
fore equipment re-
placement during test
at the maximum vacuum
during the test (man-
datory)

4. Correct the
sample volume, or
repeat the sample
run

Sample recovery

Volume of moisture
condensed to nearest
1 ml;, weight increase
of silica gel to
nearest 0.5 g

Use volumetric/
gravimetric measure-
ment

Repeat the
measurement

Sample logis-
tics, data
collection,
and packing
of equipment

1. All data recorded
correctly

2. All equipment exam-
ined for damage and
labeled for shipment

3. All sample contain-
ers and blanks properly
labeled and packaged

1. After completion
of each test and be-
fore packing

2l As above

3. Visually check
upon completion of
each sample

1. Complete
the data

2. Repeat the
sampling if
damage occurred
during test

3. Correct when
possible
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5.0 POSTSAMPLING OPERATIONS
- Table 5.1 at the end of this section summarizes the quality
assurance activities for postsampling operations.
Posttest checks will have to be made on most of the sampling
apparatus. The checks will include three calibration runs at a
single orifice meter setting; cleaning; and/or routine main-

tenance. The cleaning and maintenance are discussed in
APTD-05762. Figure 5.1 should be used to record the posttest
checks.

5.1.1 Metering System - The metering system has two components

that must be checked--the dry gas meter and the dry gas meter
thermometer(s).

The dry gas meter thermometer(s) should be compared with the
ASTM mercury-in-glass thermometer at room temperature. If the
two readings agree within 6°C (10.8°F), they are acceptable; if
not, the thermometer must be recalibrated according to Section
3.3.2 after the posttest check of the dry gas meter. For calcu-
laticns, use the dry gas meter thermometer readings (field or
recalibration values) that would give the higher temperatures--
that 1is, if the field readings are higher, no correction is
necessary, but 1f the recalibration value is higher, add the
difference in the two readings to the average dry gas meter
temperature reading.

The dry gas meter must be posttested (Section 3.3.2). The
metering system should not have any of the leaks that were cor-
rected prior to the posttest check. If the dry gas meter cali-
bration factor (Y) does not deviate by >5% .from the initial
calibration factor, the dry gas meter volumes obtained during the
test series are acceptable. I1f Y deviates by »>5%, recalibrate
the metering system (Section 3.3.2).

/// /
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Date /7[ 27[_24 calibrated by 4B/ #Ac cinrme

lieter box number = —

Dry Gas Meter

Pretest calibration factor Y C 98 (must be within #2%)*

C ) &2 itk 2
Po;?;izgtihecks, Y1 5252§£z ¥2 (must be within 57 ?f
Recalibration required? yes e no
1f yes, recalibration factor ¥ (must be within £2%)*

Lower calibration factor, Y (o5&,  for calculations (pretest
or posttest)*

Drv Gas Thermometer

Was a pretest meter temperature correcton used? yes v no
1f yes, temperature correction ——r (within t3°C (5.4°F)
over range)*
Post test comparison with mercury-in-glass thermometer iy
(within +6°C (10.8°F) at room temperature)
Recalibration required? yes v no
Recalibration temperature correction, 1f used —— (within
+3°C (5.4°F) over range)*
if yes; no correction is necessary for calculations when meter
thermometer temperature is higher.
1f recalibration temperature is higher, add correction to average
meter temperature for calculations

Barometer

Was pretest field barometer reading correct v ‘yes no
Posttest comparison mm (in.) Hg 12,5 mm (0.7 in.) Hg
Was recalibration reguired? yes o no

If yes; no correction is necessary for calculations when the
field barometer has the lower reading '

1f the mercury-in-glass reading is lower, then subtract the dif-
ference from the field data readings for the calculation

Stack Gas Temperature Sensor (if required)

Average stack temperature /345 °c (°Ff o
Posttest comparison /3¢9 [within $2°C (4°F)}*
Was recalibration required? yes //f no

*Most significant items/parameters to be checked.

Figure 5.1 Posttest eguipment checks.

e
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For the calculations, use the calibration factor (initial or
recalibration) that yields the lower gas volume for gach test
run. _

5.1.2 Barometer - The field barometer should be compared to the
mercury -in-glass barometer. If the readings agree within 5 mm
(0.2 in.) Hg, the field readings are acceptable; if not, use the
lesser calibration value for the calculations. 1f the field
barometer reads lower than the mercury-in-glass barometer, the
field data are acceptable. If the mercury-iﬁ-glass barometer
gives the lower reading, use the difference in the two readings
(the adjusted barometric value) in the calculations.

5.1.3 Stack Gas Temperéture sensor -~ The stack gas temperature
sensor should be compared with an ASTM mercury-in-glass refer-
ence thermometer. Place both the stack sensor and reference

thermometer in an atmosphere (air or water) that is within 15°C
(10°F) of the average stack temperature. i1f both values agree
within #2°C (4°F) then the pretest calibration is acceptable.
If not, then calculate the moisture content using both the pre-
test calibration and the posttest corrected values. If either or
both calculated values are greater than the measured moisture,
then either or both may be eliminated from any final emissions
calculations.
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Table 5.1

ACTIVITY MATRIX FOR POSTTEST OPERATIONS

Apparatus

Acceptance limits

Frequency and method
of measurements

Action if
requirements
are not met

Dry gas meter

Within #5% of the ini-
tial calibration fac-
tor

Make three runs at a
single, intermediate
orifice setting and
at highest vacuum
occurring during
test (Sec 3.3.2)

Recalibrate;
use calibration
factor that
gives lesser
sample volume

Dryv gas meter Within *6°C (10.8°F) Compare with ASTM Recalibrate;
thermometer at room temperature mercury-in-glass use higher
thermometer after temperature
each field test for calcula-
tions
Barometer Within *5 mm (0.2 in.) Compare with mercury-| Recalibrate;
Hg at ambient pressure in-glass barometer use lower
after each field barometric
test values for
calculations
Stack tempera- | Within $2°C (4°F) of After each run, com- | Recalibrate;

ture sensor

the reference check
temperature

pare with reference
temperature

perform calcu-
lations with
and without
temperature
correction
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6.0 CALCULATIONS

Calculation errors due to mathematical mistakes can be a
large part of total system error. Therefore, each set of calcu-
lations should be repeated or spot-checked by a team member other
than the one who performed them originally. If a difference
greater than a typical roundoff error is detected, the calcula-
tions should be checked step by step until the source of error is
found and corrected. A computer program can be advantageous in
reducing calculationverrors. If a S£andardized computer program
is uséd, the original data entry should be checked; if differ-
ences are observed, a new computer run should be made. Table 6.2
at the end of this section summarizes the quality assurance
activities for calculations.

Carryout calculations, retaining at least one significant
digit beyond that of the acquired data. Roundoff after final
calculations to two significant digits for each run or sample in
accordance with the ASTM 380-76 procedures. Record the results
on Figure 6.1A, 6.1B, or 6.1C.

6.1 Nomenclature

The terms defined and listed alphabéticq;ly herein are to be
used in calculating dry gas and water vapor volumés and moisture
contents, and in verifying constant samplipg rate.

Bos = Water vapor in the gas stream, proportion by volume

AH - = Average pressure differential across the orifice
meter, mm (in.) H20

AH@i = Measurement of pressure differential across the
orifice meter, mm (in.) HZO

La = Maximum acceptable-leakage rate for either a pretest'

leak check or a leak check3following a compgnent
change; equal to 0.00057 m~/min (0.01995 ft~/min)

M = Molecular weight of water, 18.0 g/g-mole
. (18.0 1b/lb-mole)



vm(std)

Vwc(std)

szg(std)

We

W
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Barometric pressure, mm (in.) Hg

Absolute pressure at the dry gas meter (for this
method, same as barometric pressure), mm (in.) Hg

Absolute stack pressure, mm (in.) Hg

Static pressure of the stack, mm (in.) H20

Standard absolute pressure, 760 mm (29.92 in.)‘Hg
Density of water, 0.9982 g/ml (0.002201 lb/ml)

Ideal gas constant, 0.06236 (mm Hg) (m g/(g-mole) (K)
for metric units and 21.85 (in. Hg) (ft )/(lb-mole)
(°R) for English units .

Saturated vapor pressure of water at average stack
temperature, mm (in.) Hg _

Absolute average dry gas meter temperature, K (°R)
Standard absolute temperature, 298K (528°R) |
Final volume of condenser water, ml

Initial volume of condenser water, ml

Volume of gas sample measured by dry gas meter, dcm
{(dcf) _

Incremental volume3measured by dry gas meter at each
traverse p01nt dm™ (dcf)

Volume of gaS’sample measured by the gry gas meter,
corrected to standard conditions, dsm” (dscf)

‘Stack gas velocity, calculated by Method 2, using

data from Method 5, m/s (ft/s)

= Volume of condensed wat§r vapor, corrected to

standard conditions, sm~ (scf)

= Volume of water vapor collected in S}llCa gel,

corrected to standard conditions, sm™ (scf)

Final weight of silica gel or silica gel plus
impinger, g

Initial weight of silica gel or silica gel plus
impinger, g

Dry gas meter calibration factor
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6.2 Condensed Water Vapor Volume
(Vg = Vi) p RT
Y = 17w std _ g (y_ - v,) Equation 6-1
wc(std) Pstd Mw 1YV f 1
where

K

1 0.001333 m3/ml for metric units, or
0.04707 ft3/ml for English units.

6.3 Water Vapor Volume Collected in Silica Gel

(Wf - Wi) RTS

v - td
wsg(std) P

= K2(Wf - W,

1) Equation 6-2

std Mw
where

K

2 0.001335 m3/g for metric units, or
0.04715 ft3/g for English units.

6.4 Dry Gas Volume, Corrected to Standard Conditions

Correct the sample volume measured by the dry gas meter to
standard conditions (20°C and 760 mm Hg or 68°F and 29.92 in. Hg)
by using Equation 6-3.

: T P K, VY P
std m 3 'm m .
\Y =V Y = == 1 Equation 6-3
m(std) m Tm Pstd _ Tm
where
K; = 0.3858 K/mm Hg for metric units, or

17.64 °R/in. Hg for English units.

Note: 1If the leak rate observed during any mandatory leak checks
exceeds the specified acceptable rate (La), either the wvalue of
Vo in Equation 6-3 may be corrected (as described in Section
3.4.6 of Method 5) or the test run may be invalidated.

(e
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VOLUME OF WATER VAPOR CONDENSED IN IMPINGERS

it

l.L-ml,Vl=_g_o_Q.ml

Vf =
v

= 0.04707 (Vg - V;) =0 3 .3 ¢ 2 ft Equation

wc(std)

VOLUME OF WATER VAPOR COLLECTED IN SILICA GEL

We=2,35 . 09, W, =203 .59
v

= _ 3 . _
wsg(std) - 0.04715 (We ~ W,) =0 . S ¢ 2 ft Equation 6-2
SAMPLE VOLUME
= 3 = ° =
Y=0.9146
Vm Y Pm 3 '
Vm(std) = 17.64 T =30 . 425 ft Equation 6-3
MOISTURE CONTENT
- 3 _ 3
Vac(std) ~ 22 - 342 U Vog(sta) = 2 - £ 2 I,
— 3
Vm(std)”:?__Q'_‘fr_Jfft
\% + V
B . = we(std) wsg(std) =0 . (ts3 Equation 6-4

vwc(std) + szg(std) + Vm(std) .

Figure 6.1A Moisture content calculation form (English units).
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VOLUME OF WATER VAPOR CONDENSED IN IMPINGERS

Ve=211 . ml, Vi=2g0¢ -ml
\

_ _ 3 , _
we(std) - 0-001333 (Ve - Vi) =p . 09 ggm Equation 6-1

VOLUME OF WATER VAPOR COLLECTED IN SILICA GEL

1
0.001335 (W, - W,)

We=21+15. 09 W, =2 0535.59
v

- : 3 . _
wsg(std) ~ 0 . 0 sy 5¢Mm Equation 6-2

fosed - o -
Vm = e - 297¢m, T, =29 9.0°K P =732¢ .6 mmHg
Y =71 . 04 4
vV, Y P 5 .
Vm(stq) = 0-3858 T T2-25¢m Equation 6-3

MOISTURE CONTENT

_ 3 _ 3
VWC(Std)-Q'Q-Z-z-ém’vwsg(std)_g‘glézm’

- 3
n(stg) 2 - 235 69m
v + VvV
B = wc{std) wsg{std)

=90 . 1/ ¥ Equation 6-4
¥ Vye(std) * Vusg(std) * Vm(std)

Figure 6.1B. Moisture content calculation form {metric units).
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MOISTURE CONTENT
toavg=/2) .. °F, 4% .g3°C

Py =29 - Q0 in. Hg, 73 . (, mm Hg

Pitatic = = 4 - 5 0in. Hy0, = 3 . g | mm H,0
s.v.p. = 7. ( O in. Hg, 20 . () mm Hg
Bus = S¥E ___=0.28
P + static
bar 13.6

Figure 6.1C Moisture content calculation form using saturation
vapor pressure (English and metric units).

6.5 Moisture Content

Vwc(std) * szg(std

B =
Vwc(std) + szg(std) + Vm(std)

WS

Equation 6-4

Note: In moisture saturated or droplet-laden gas streams, two
calculations of the moisture content of the stack gas should be
made--one using a value based on the saturated conditions (Equa-
‘tion 6<5) and another using the results of the impinger
analysis. The lower of these two B values should be considered
correct.

To determine the moisture content in moisture saturated or
droplet-laden gas streams, attach a temperature sensor capable of
measuring 11°C (2°F) to the probe; measure the stack gas tempera-
ture at each traverse point during the traverse; measure the
absolute stack pressure. Determine the moisture percentage,

either by: ]
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1. Using a psychrometric chart and making appropriate
corrections if stack pressure is different from that of the
chart, or

2. Using saturation vapor pressure Tables 6.1A and 6.1B
and Equation 6-5.

B = S:V.F. Equation 6-5

ws P + Pstatic
bar 13.6

If the psychrometric chart or the saturation vapor pressure
tables are not applicable (based on evaluation of the process),
alternate methods approved by the administrator should be used.
6.6 Constant Sampling Rate Verification

For each sample point, determine the AV and calculate the
average. If the value for any sample point differs from the
average by >10%, reject the results and repeat the run.

Table 6.1A VAPOR PRESSURE OF WATER AT SATURATION (°F), in. Hg

Temp
°F o 1 2

(93]
&~
w
(238
~4
co
O

50 }.3626 | .3764 | .3906 | .4052 | .4203 { .4359 | .4520 | .4586 |.4858 ].5035
60 1.5218 | .5407 | .5601 | .5802 | .6009 | .6222 | .6442 | .6669 |.6903 |.7144
70 1.7392 ) .7648 | .7912 | .8183 | .8462 | .8750 | .9046 |.9352 {.9666 |.9989

80 {1.0321{1.066 | 1.102 {1.138 }1.175}1.213 {1.253 {1.293 {1.335 }1.378
90 |1.422 | 1.467 {1.513 {1.561 {1.610|1.660 [1.712 }1.765 [1.819 |1.875
100 11.932§1.992 {2.052 | 2.114 |2.178 | 2.243 |2.310 {2.379 |2.449 [2.921
110 12.596 1 2.672 {2.749 | 2.829 {2.911 {2.995 [3.081 {3.169 [3.259 |3.351
120 }3.446 | 3.543 | 3.642 | 3.744 | 3.848 {3.954 |4.063 |4.174 |4.289 [4.406
130 |4.525 | 4.647 | 4.772 | 4.900 15.031 {5.165 |5.302 [5.442 |5.585 |5.732
140 [5.881 | 6.034 |6.190 {6.380 |6.513 | 6.680 |6.850 {7.024 {7.202 |7.384

150 |7.569]17.759 17.952 }8.150 {8.351 { 8.557 {8.767 }8.981 |9.200 }9.424
160 [9.65219.885 | 10.12 | 10.36 {10.61 | 10.86 j11.12 }11.38 {11.65 |[11.92
170 |12.20 | 12.48 1 12.77 | 13.07 [ 13.37 { 13.67 |13.98 |14.30 [14.62 [14.96
180 §15.29{ 15.63 | 15.98 | 16.34 {16.70 { 17.07 |17.44 |17.82 [18.21 [18.61
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Table 6.1B VAPOR PRESSURE OF WATER AT SATURATION (°C), mm Hg

Temp
°oC 2 3 6 7 8 9
10 9.20 9.92 10.67 11.07 11.65 12.79 13.73 14.74 15.26 16.36
20 17.50 18.77 20.1 20.78 22.23 ) 23.80 25.15 27.09 27.98 29.85
30 31.83 33.91 36.12 37.26 39.65 42.16 | 44.83 | 47.63 | 49.07 52.12
40 [ 55.32 | 58.67 62.20 64.03 67.87 71.86 76.07 80.49 82.78 87.53
50 | 92.51 97.74 ) 103.20 | 106.02 | 111.91 ] 118.03 | 124.46 | 131.19 | 134.67 | 141.86
60 1149.38 |157.23] 165.43 | 169.67 | 178.41 | 187.55 | 197.08 | 207.01 | 212.12 | 222.68
70 |233.68 |245.16 1} 257.05 | 263.14 | 275.84 | 289.05 | 302.77 | 316.99 | 324.36 | 339.60
80 [355.09 {371.35} 388.37 '
Table 6.2 ACTIVITY MATRIX FOR CALCULATION CHECKS
Action if

Frequency and method requirements

Characteristics | Acceptance limits of measurement are not met

Analytical data

All data and calcula-

Visual check

Complete mi

§S-

form tions are shown ing data
values
Calculations Difference between Repeat all calcula- Indicate
check and original tions starting with errors on
calculations should raw data for hand analytical
not exceed roundoff calculations; check data form,
error all raw data input Fig 4.2

for computer calcu-~
lations and hand

calculate one sample
per test

1
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7.0 MAINTENANCE

Normal use of emission testing equipment subjects it to
corrosive gases, temperature extremes, vibrations, and shocks.
Keeping the equipment in good operating order over an extended
period of time requires routine maintenance and knowledge of the
equipment. Maintenance of the entire sampling train should be
performed either quarterly or after 1000 ft3 of operation, which-
ever occurs sooner. Maintenance procedures are summarized in
Table 7.1 at the end of this section. The following procedures
are recommended, but not required, to increase the reliabilty of
the equipment.

7.1 Pumps

Several types of pumps are used in commercial sampling
trains. Two of the most common types are the fiber vane pump
with in-line oiler and the diaphragm pump. "~ The fiber vane pump
requires a periodic check of the oil and the oiler jar. The used
0il (usually low nondetergent or machine weight) should be about
the same translucent color as the unused or spare oil. When the
fiber vane pump starts to run erratically or when the head is
removed each year, the fiber vanes should be changed.

The diaphragm pump reguires 1little maintenance. If the
diaphragm pump leaks or runs erratically, it is normally due to a
bad diaphragm or malfunctions in the valves; these parts are
easily replaced and should be cleaned annually by complete dis-
assembly of the train.

7.2 Dry Gas Meters

The dry gas meter should be checked for excess oil and
component corrosion by removing the top plate every 3 mo. The
meter should be disassembled and all components cleaned and
checked more often if the dials show erratic rotation, or if the
meter will not calibrate properly. '

7.3 Inclined Manometer
The fluid should be changed when it is discolored or con-

tains visible matter and when it is disassembled yearly. No

(wes
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other routine maintenance is required since the inclined manom-
eter is checked during the leak checks of both the pitot tube and
the entire meter box.

7.4 Sampling Train

All remaining sample train components should be visually
checked every 3 mo, and they should be completely disassembled
and cleaned or replaced yearly. Many of the items, such as quick
disconnects, should be replaced when damaged rather than after
they are periodically checked. Normally, the best maintenance
procedure is to replace the entire unit--for example, a meter
box, sample box, or umbilical cord.
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ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS

Apparatus

Acceptance limits

Frequency and method
of measurements

Action if
requirements
are not met

Routine main-
tenance

No erratic behavior

Routine maintenance
quarterly; disassem-
ble and clean yearly

Replace parts
as needed

Fiber vane
pump

Leak free and required
flow

Periodic check of oil
jar; remove head, and
change fiber vanes

Replace as
needed

Diaphragm pump

Leak free valves func-
tioning properly with
required flow

Clean valves during
yearly disassembly

Replace when
leaking or
when running
erratically

Dry gas meter

No excess oil, corro-
sion, or erratic rota-
tion of the dial

Check every 3 mo for
excess o0il or corro-
sion by removing

top plate; check
valves and diaphragm
when meter dial runs
erratically or when
meter will not cali-
brate

Replace parts
as needed, or
replace meter

Inclined manom-

No discoloration or

Check periodically;

Replace parts

eter visible matter in the change fluid dur- as needed
fluid ing yearly disassem-
bly
Sampling train | No damage Visually check If failure

every 3 mo; com-
pletely disassemble
and clean or replace
yearly

noted, use
another entire
control console,
sample box, or
umbilical cord
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8.0 AUDITING PROCEDURE

An audit is an independent assessment of data gquality.
Independence 1is achieved by using apparatus and standards that
are different from those used by the regular field crew. Routine
quality assurance checks by a field team are necessary for
obtaining good quality data, but they are not part of the
auditing procedure. Table 8.1 at the end of this section sum-
marizes the guality assurance activities for the auditing.

Based on the results of the collaborative tests of Method 4,
a performance audit of data processing and a systems audit are
recommended. These two audits are described in the Subsections
8.1 and 8.2.
8.1 Performance Audit of Data Processing

Performance audits are conducted by the auditor to quanti-
tatively evaluate the quality of the data produced by the total
measurement system (sample collection, sample analysis, and data
processing). Due to the limited sizes of most emission-testing
companies, it is recommended that these audits be performed by
the responsible control agency once during every enforcement
source test, regardless of whether the tests are conducted by
agency or private company personnel. A source test for enforce-

ment comprises a series of runs at one source.

Calculation errors are prevalent in Method 4. Data proces-
sing errors can be determined by auditing the data recorded on
the field and the laboratory forms. The original and the check
calculations should agree. If not, all of the data and calcula-
tions should be checked. The calculation errors should be
clearly explained to the source-test team to prevent or mimimize
reoccurrence. The data processing errors may also be determined
by reguesting that copies of data sets compiled in the field and
copies of manual data reductions (or computer printouts if used)
be forwarded to the evaluator for audit.

8.2 Systems Audit

A systems audit is an on-site qualitative inspection and

review of the quality assurance method used by the test team for

{7
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the total measurement system (sample collection, sample analysis,
data processing, etc.). Initially, a systems audit specified by
a quality assurance coordinator should be conducted for each
enforcement source test, which by definition comprises three runs
at one source. After the team gains experience with the method,
the frequency of audit may be reduced--for example, once for
every four tests.

The functions of the auditor are summarized by the fol-
lowing:

1. Observe procedures and techniques of the field team
during sample collection.

2. Check/verify the records of apparatus calibration.

3. Record the results of the audit and forward them with
comments on source team management to the guality assurance
coordinator so that any needed corrective actions may be imple-
mented.

The auditor should observe the field team's overall per-
formance of the source test. Specific operations to observe
should include (but not be limited to):

1. Setting up and leak testing the sampling train.

2. Constant rate sampling check of the sampling train.
3. Final leak check of train.
4. Sample recovery.

Figure 8.1 is a suggested checklist to be used by the auditor for
developing a list of important techniques/steps to observe.



Section No. 3.3.8
Revision No. 0
Date January 15, 1980

Page 3 of 4
Yes No Operation
Presampling preparation
1. Knowledge of process conditions
2. Calibration of pertinent equipment prior
to each field test; in particular, the
dry gas meter should be checked before
each test
On-site measurements
3. Leak testing of sample train after sample
run
4. Addition of water and silica gel to
impingers, and correct location of
impingers
5. Constant sampling rate and not exceeding
specified rate
6. Measurement of condensed water to within
specified limits
7. Record of pertinent process condition
during sample collection
8. Probe maintained at given temperature
Postsampling
9. Calculation procedure/check
10. cCalibration checks
COMMENTS
Figure 8.1 Method 4 checklist to be used by auditors.
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FOR AUDITING PROCEDURES

Audit

Acceptance limits

Frequency of method
of measurement

Action 1if
requirements
are not met

Data processing
errors

Original and check cal-
culations should agree

Once during every
enforcement source
test, do independent
calculations starting
with recorded data

Check and cor-
rect all data
for the source
test

Systems audit--
observance of
technique

Operation/technique
described in this sec-
tion of the Handbook

Once during every
enforcement test
until experience
gained, then every
fourth test; observe
techniques; use audit
checklist, Fig 8.1

Explain to

team the devia-
tions from rec-
ommended tech-
niques; note
the deviations
on Fig 8.1
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To achieve data of desired quality, two considerations are
necessary: (1) the measurement process must be in a state of
statistical control, and (2) the systematic errors, when combined
with the random variations (errors of measurement), must result
in an acceptable level of uncertainty. To ensure good data, it
is necessary to perform quality control checks and independent
audits of the measurement process; and to use materials, instru-
ments, and procedures which can be traced to a standard of
reference.

The working calibration standards should be traceable to
primary or higher level standards such as those for the dry gas
meter. The dry gas meter should be calibrated against a wet test
meter which has been verified by an independent liquid displace-
ment meter.






10.0 REFERENCE METHOD

METHOD 4—~DETERMINATION OF MOISTURE IN
’ 8rack Gases

1. Principle and Applcabtlity.

1.1 Principle. A gas sample is extracted
proportionally from the source and moisture
is removed from the gas stream, condensed,
and determined either volumetrically o
gravimetrically. - .

1.3 Applicability. This method Is ap-
plicable for the determination of moisture
in stack gas. .

Two methods are given, One is a reference
method for the accurate determination of.
moisture content as needed to calculate
emission data. The other is an approximation

method for molsture content to be subse-

quently used for setting isokinetic sampling
rates. For this latter purpose, the tester may
use any alternate means for approximating
the molisture content, e.g. drying tubes, wet
bulb-dry bulb techniqus, condensation tech-
‘niques, stolchliometric calculations, previous
experience, etc. However, tho sactual iso-

kinetlq rate maintained during a pollutant,

sampling run and the molsture content used
1o calculate emission data will not be based
on the results of the approximation method
(see éxception in note below), but will be
determined from the data of the reference
method, which Is normally conducted
simultaneously with a pollutant measure-
ment run. ’

NoTe.—Any of the approximation methods
which are shown to the satisfaction of the
Administratian of ylelding resuits to
within 1% H:0 of the reference method re-
sults may be used in lleu of the reference
method. :

These methods are not applicable to gas
streams that contain Iiquid droplets. For
these cases, assume that the gas stream is
saturated. Determine the "average stack gas
iemperature wusing gauges described in
Method 2 and by traversing according to

- Method 1. Then obtain the moisture per-
centsge by (1) using a. psychometric chart
.and making appropriate corrections, if stack
pressure is diferent from that of the chart,
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for absolute pressure or (2) by using sawi'a-
tion vapor pressure tables.
2. Reference Method.

The proccdure for determining molsture -

content described in Method § is acceptable
as a reference method.

2.1 Apparatus, A schematic of the sam-
pling train used In this reference method 18
shown in Figure 4-1. All components shall
be maintainled and calibrated according to
the procedure outlined in Method 5.

2.1.1 Probe~Stainless steel or glass tub-
ing, sufficlently heated to prevent water con-
densation and eculpped with a filter (either
in-stack or heated out-stack) to remove
particulate matter. R

2.1.2 Condenser—Any system that cools
the sample gas streamn and allows measure-
ment of the water condensed and moisture
leaving the condenser, each to within 1, ml
or 1 g. Acceptablie micans are to measure the
condenscd water elther gravimetvically or
volumetrically and to meosure the molsture
leaving the condenser by (1) monitoring the
temperature and pressure ab the exit of the

condenser and using Dalton's law or (2) by -

passing the sample gas streorn through a
tared silicg gel trap with exit gases kept
below 20 C {68* F) and dectermining the
welght gain.

2.1.3 Cooling system-—Ice bath container
and crushed ice, or equivalent, to aid in con-
densing moisture,

2.14 Drying tube—Tube packed with 6-16
mesh Indicating-type allica gel, or equivalent,
to dry the samplo gas and protect the pump
and .dry gas mcter. This may be an intogral

. part of the condecnser system, in which case

the tube shall bc iinmersed in the ice bath
and a therinoracter placed at the outlet for
monitoring purposes. If approach (1) of
section 2.1.2 is used to measure the moisture
leaving the condenser, the temperature and
pressure must be monitored before the siiten
gel tube.

2.1.6 Meterlng system—Vacuum gauge,
leak-free pump, thermomecters capable of
measuring temperature to within 3° € (5.4

*F), dry gas meter with +2 percent accuracy,

and related cquipment, or other metering
systems approved by the Administrator, as
regquired to maintain a proportional sanmpling
rate and to determine sample gas volume.
2.1.6 Parometer—Mercury, aneroid, or
other haromcters capable of measuring
atmospheric pressure to within 2.6 mm Hg
(0.1 in. ¥Ig). In many cascs, the barometric
reading may te obtalned from a nearby
weather bureau station, In which case the

_ station value (which 18 the absolute baro-

meiric pressure) shall be requested and an
adjustmient for clevation diffcrences between
the weather statlon and the sampling point
shall be applied at a rate of indnus 2.5 mm
Hyg (0.1 in. Hg) per 30 m (100 1L) elevation
incrense or vice vorsa for elevation decrease.

3.3.10

0

1980
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41.7 Pitot tube—~Type 8, or equivalent,

attached to probe to allow constant monitor- .

ing of the atack gas velocity so that the
sampling flow rate can be regulated pro-
Pportiopal to the stack gas velocity. The tips
probe and pitot tube shall be edjacent
other and ths free spece between
them shall be about 1.9 em (0.76 in.}. When
.used with this method, the pitot tube need

R
g?

. not be calibrated,

3.18 Differential pressure: gusge—In-

. elinsd manometer capable ‘'of measuring

ia

velocity head to within 10 percent of the
minimum measured value or +0.013 mm
(0.0005 in.), in whichever is greater. Below a
differential pressure of 1.3 mm (0.05 in.)
water gauge, micromanometers with sensi-
tivities of 0.013 min (0.0005 in.) should be
used. However, micromanometers ore not
,essily adaptable to fleld conditions and are
‘not easy to use with the pulsating flow. Thus,
maethods or other devices acceptable to the
Administrator may be used when conditions
warrant. . .
219 Temperature gauge—Thermocouple,
liquid fllled bulb thermometer, bimetallic
thermometer, mercury-in-glass thermometer,
of other gauges that are capable of measur-
ing temperature to within 1.5 percent of the
minimum absolute stack temperature.
4.1.10 Graduated cylinder and/or bals
anoe—7T0 meassure condensed water .and
molsture caught in the silica gel to within 1
ml or 3 g. Graduated cylinders shall have

-’ subdivisions no greater than 2 ml. Most lab«
balances are capable of welghing to -

ﬁoweeto.sgorlm.'rheeebamnceam
nu«blo ‘for use here.

* 4411 Temperature and pressure ga,uges—-—
If Dalton’s law is used to monitor tempera~

.%ure and pressure at condenser outlet, The

Semperature gauge shall have an accuracy of
1° Q (3° F), The pressure gauge shall be capa-
Noozmaammng pressure to within 2.6 mm

Hg (0.1in.Hg).
9.1.12 Silica ‘' gel—If used to measuro

" molsture leaving condenser, indicating type

@-1¢ mesh. If previously used, dry at 175* ©
(380* F) for 2 hours, New sutca gel may be
wsed as received.

23 Procedure. The procedure below is -

written for a condenser system incorporating
silios gel and gravimetric analysis to measure

‘Ahe moisture lea.vmg the condenser and volu- -

matric ansalysis to measure the condensed
motwture.

831 Select the sampling site and mini-

" matun awmber of sampiing points according

%9 Method 1 or as specified by the Admin-

fstrator. Determine the range of velocity:

eed using Method 2 for the purpose of mak-

. ing proportionsl sampling rate caloulstions.

- Figure 4-3. Analytical data-reference method.

Select a suitable veloclty head to cofrespond

to about 0.014 m*/min (0.5 cfm). Select @

suitable probe and probe length such that all
traverse points can be sampled. Consider
sampling from opposite sides (four total

. sampling ports) for large stacks to enable

use of shorter probe lengths. Mark probe with
heat resistant tape or by some other method

‘{0 denote the proper distance into the stack

or duct for each sampling point. Weigh and

record welght of silica gel 1o the nearcat 0.6 g. =
222 Select a suitable total sampling time

of no less than 1 hour such that & minimum
total gas sample volume of 0.6 m* (20 1t*) at
standard conditions will be collected and the
sampling time per traverse point 18 not less

than 2 min, or some greater time interval

as specified by the Administrator.

22.3 8ect up the sampling train as shown
in Figure 4—1. Turn on the probe heating sys-
tem to about 120° C (248" F) so as to prevent
water condensation and allow time for tem-
perature to stabilize. Place crushed ice in
the ice bath container, Leak check the train
by plugging the probe inlet and puliing a 380

-mm Hg (16 in. Hg) vacuum. A leakage rate

in excess of 4 percentof the average sampling
rate or 0.00057 m¥/min., (0.02 cfm), which
ever 15 less, 13 unacceptable.

224 During the sampling run, maintain
a sampling rate within 20 percent, or as spec~
ifled by the Administrator, of constant
proportionslity. For each run; record the
data required on the example dats sheet
shéwn in Figure 4-2. Be sure to record the
initial dry.gas meter reading. Record the dry
gas meter reading at the beginning and end
of each .sampling time increment, when
changes in- flow rates are made, and when
sampling is halted. Take other data point
readings at each sample point at least once
during each time lncrement.

22,6 To bégin sampling position the probe
ip at the first traverse point. Immediately
start the pump and adjust the flow to pro-
portional conditions. Traverse the cross sece:
tion. Add more ice and, if necessary, salt to
maintein & temperature of less than 20* ©
(68° F) at the silica gel outlet to avoid exces-
sive molsture losses.

2.2.6 After collecting the sarnple, measure
{the volume-increase of the liguid to the near~
est 1 ml. Determine the increase in weigh¢
of the silica gel tube to the nearest 0.5 g.
Record the information (see example, data
sheet, Figure 4-3) and calculate the moisture
percentage.

2.3 Calculations. ‘Carry out cnlcuhtlom.
retaining st least one extra decimal figure
beyond that of the acquired date, Round oﬂ
figures after final calculation.

2.3.1 Nomenclature.

3.3.10

0

1980
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B..>= Proportion by' volumsa

Mg =2>Molecular weight of water, 18 g/g-mile (18 1b/Ib-mole)
P.= Absolute pressure (for this method, same a3 barometric pressure) at the dry

gas meter, mm Hg (in. Hg)

 P,4==Standerd gbsolute pressure, 760 mm.Hg (29.92 In. Hg)
gas constant, 0.06236 (mm hg) (m’)/(%-mole)@

R=1Ideal

21.83 (in. Hg) (ft3)/Gb-mole)/(lb-mcglﬁ))("R

K) for metric units and
for English units

Ta=Absolute temperature at meter, °K (
T «a= Absolute temperature, 293° K (528° R)
V=Dry gas volume measured by meter, dem (def) - ‘ :
V(o= Dry gas volume measured by the dry gas meter, corrected to standard condi-

tions, dsem (dscf)

Vaatnay=Volume of water vapor condensed corrected to standard: conditions, m? ({t)
wsatway=Volume of water vapor collected in silica gel corrected to standard conditions,

md (ft3) .

V== Final volume of COndenser'cdnte.nts, ml

V=Initial volume, if any, of condenser contents, ml
. W=Final weight of condenser contents, g .
W ==Initial weight of condenser contents, g .

pw= Density of water, 1 g/ml (0.00220 lb/ml)’

23.2° Volume of water vapor condensed,

(Vi—Vi)p-RTwu
PuaMy .

=X(V,—V,) Equation 4-1

v-a(nd)=

where: _
K=0.00134 m*/ml for metric units
=0.0472 {}/m] for English units

2.3.8 Volume of water vapor collected in
ellica gel.

(Wl"" Wl ) RTnd
Plidh-[' .

'=K(>Wl_‘“_—l)

vwn(ud) =

Equation 4-2

where:
K=0.00134 m?/g for metri¢ units

-(.0472 ft’/g' for English units
2.34 Gas volume.

o (Pa)(Tus)
Veso=Valpry Ty

) =K Ve P -
L : Te Equation 4-3
where! i :

K==0.3855 °K/mm Hg for metric units
=17.65 °R/in. Hg-.fqr English units
2.3.5 . Moisture Content:

v" +V'I‘

V'l+v'l‘+"n.

' Equation 4-4

2.3.8 Proporilonal sampling . constant—
For each time lncrement, calculate ’

VulVap.

Calculate the average., If the~value for any
time increment falls beyond 20 percent of the

Bu=

average, reject the results and do run over.

8. Approzimation Method. -
The approximation method deseribed be-

low 13 presented only as a suggested method, *

3.1 Apparatus.

8.1.1 . Probe—Stainless steel or glass tub-
ing sufiiclently heated to prevent water con-
densation and equipped with a fitter (either
in-stack or heated out-stack) to remove par-
ticulate matter. ' . C

3.12 Impingers—Two midget: impingers,
each with 30 m! capacity, or equivalent,

. HEATED PROSZ = SILICA GEL YUBE RATE RETER
: VALVE
FILYER - é?j i
{GLASS WOOL) e Treey !
. . P €.2§ t, A .
T ICEBATH—T o tMie I o
- . 3 ) suree ooy aas
N Se=th TAIK -\ perer
1 s
MIDGET mrmsms/ S rump/
Flgure 4-4, Moisture-sampling train. -
. LOCATION COMMENTS
T TESY ‘
DATE
OPERATOR
- BAROMETRIC PRESSURE,
GAS VOLUNE THROUGH
METER, (Vim), RATE METER SETTING |  METER TEMPERATURE,
CLOCK TIME m3 {113} m3/min, {#13/min.}

« O {F}
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3.1.83 Ice balth-—Container and ice; to aid
in condensing moisture in impingers,

3.14 Drying tube—Tube packed with 8-16
mesh indicating-type silica gel, or equivalent,

to dry the sample gas and to protect t.ho_

meter and pump.

3.1.6 Valve—Needle valve.
sample gas flow rate.

8.1.8 Pump—Leak-free, diaphragm type,
or equlvalent, to pull gas through the train.

8.1.7 Volume meter—Dry gas meter, suf-
ficiently accurate to measure the sample vol-
ume within 2 percent, and calibrated over the
range ¢of ‘flow rates and conditlons actually
used during sampling.

3.1.8 Rate meter—Rotameter, to measure
the flow range from 0 to 8 lpm (0 to .11
cfmj.

3.1.9 QGraduated cylinder—25 ml.

3.1.10 Barometer—Mercury, aneroid, or
other barometers capable of measuring
atmospheric pressure to within 4.6 mm Hg
(0.1 in. Hg). In many cases, the barometric
reading may be obtained from a nearby
weather bureau station, in which case the
statlon value (which 1s the absolute baro-

to’ regulate

metric pressure) shall be requested and an

- gdjustment for elevation differences between
the weather station and sampling point shall
be eapplied at a rate of minus 2.6 mm Hg
(0.1 in. Hg) per 30 m (100 ft) elevation in-
crease or vice versa for elevation decreases.

8.1.11 Vacuum gauge-~At least 760 mm
Hg (30 in. Hg) gauge, to be used for the
sampling leak check.

32 Procedure.

3.2.1 Place exactly 6 ml distilled water in
each impinger. Assemble the apparatus .
without the probe as shown in Figure 4—4.
Leak check by placing a vacuum gauge at the
inlet to the first impinger and drawing &
vecuum of at least 250 mm Hg (10 in, Hg),
plugging the outlet of the rotameter, and
then turning off the pump. The vacuum shall
remain constant for a least one minute.
Carefully release the vacuum gauge before
releasing the rotameter end.

3.22 Connect the probe and sample at &
constant rate of 2 lpm (0.071 cim). Continue
sampling until the dry gas._ineter registers
about 30 Iiters (1.1 1t3) or until visible liguid
daroplets are carried over from the first imae-
pinger to the second. Record temperature,
pressure, and dry gas meter readings as re-
quired by Figure 4-5.

3.3.3 After collecting the sample, combine
the contents of the two impingers and meas~
ure volume to the nearest 0.6 ml.

3.3 Calculations. The oalculation method
presentod 1s designed to estimate the moise
ture in the stack gas and therefore other
data, which are only necessary-for accurate
molsture determinations, are not colleoted.

The following e¢quations adequately estimate

the molsture content for the purpose of de-.

termining isokinetic sampling rate settings.
$.3.1 Nomenclature.

B..=Approximate water vapor in the

gas stream Jeaving the ime.

pinger, 0.025 proportion by

volume

B..=Water vapor in the gas stream,
proportion by volume

\

M,=Molecular weight of water, 18
g/g-mole (18 lb/lb-molc)
Pa.=Absolute pressure (for this

method, same as barometric

presaure) at the dry gas meter

Pna=5tandard absolute pressure, 760
mm Hg (29.92 in. Hg g)

P=1dcal gas constant, 0.06236 (mm

Hg) (m¥)/ (g-mole) CK) for met-

ric units and 21.83 (in. Hi) e/

(lb-mole) °R) for English units

== Absolute temperature at metcr,

‘T =8tandard abeolute temperat
TR K (508 Ry o
V.-Final volume of hnpinger oon-~
. tents, ml
Vy= Initial Volume of impmger con-
tents, ,

. Va=Dry gas volume measured by dry .
gas meter, dom (def)

Vot = Dry gas volume measured by dﬁy
. gas meter, corrected to stan
ard conditjons, dscm (dsef)

Vuwatay=Volume of water  vapor con-

densed, correoted to standard

conditions, m? (fth)
pw=Density of water, 1 g/ml} (0.00220
: 1b/ml)
.832 Volume of water vapor collected.

v, __(vl"'vl)cvRT-ltd-
T PuwuM,
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i ‘ = K(V~V0 Equation H
Where: ', ' '
* K= 0.00134 m¥/ml for metrio walte

-=0 0472 ft}/ml for Engllsh units .

-‘ 8.8.8 Gaa voluine.

-v-(lkb'i'v- P.g)( »

VaPu
Ta

"where:

K=0.38565 °K/mm Hg for metric units-

=17.85 °R/ih. Hg for English uaite
8.3.4 Approximats moisture contens,

5 T V“T—'V_F"

+00025)  gruation 47

4. Calibration.
4.1 Use methods and equipment es -poc-
ifiled in Methods 2 end 5 and APTD-0576

calibrate dry gas meter, barometer, and thor-

mometers. .
8. References.
5.1 Alr Pollution Engincering Manuel,

. Danielson, J. A. (ed.), U.8, DHEW, PHS, Na+

tional Center for Alr Pollution Control, Cin=
cinnati, Ohio, PHS Publication No. 899-AR-
40, 1967.

5.2 Devorkin, Howard, et al., Alr Pollution

BSource Testing Manual, Alr Pouutlon Control.

District, Los Angeles, Calif., November 1063,

5.3 Methods for Determination of Velocity,
Volume, Dust and Mist Content of Gases,
Western Precipitation Division of Joy Manu-
facturing Co., Los Angeles, Oalif, Bulistin
WP-50, 1968,
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12.0 DATA FORMS

Blank data forms are provided on the following pages for the
convenience of the Handbook user. Each blank form has the cus-
tomary descriptive title centered at the top of the page. How-
ever, the section-page documentation in the top right-hand corner
of each page of other sections has been replaced with a number in
the lower right-hand corner that will enable the user to identify
and refer to a similar filled-in form in a text section. For
example, Form M4~1.2 indicates that the form is Figure 1.2 in
Section 3.3.1 of the Method 4 Handbook. Future revisions of
these forms, if any, can be documented by 1.2A, 1.2B, etc.
Eight of the blank forms listed below are included in this sec-
tion. Four are in the Method Highlights Section, as shown by the
MH following the form number. ’

Form Title
1.2 Procurement Log
2.3A & B Meter Box Calibration Data and Calculation
Form (English and Metric units)
2.4A & B Posttest Meter Calibration Data Form
(English and Metric units)
.5 (MH) Pretest Sampling Checks
(MH) Pretest Preparation Checklist
(MH) On~Site Measurement Checklist

Method 4 Field and Sample Recovery Data Form
Method 4 Analytical Data Form

o U b W W N
oW N e

(MH) Posttest Equipment Checks
1A & B Moisture Content Calculation Form
(English and Metric units)
6.1.C Moisture Content Calculation Form
(English and Metric units)
8.1 Method 4 Checklist To Be Used By Auditors

‘&



PROCUREMENT LOG

Item description

Quantity

Purchase
order
number

Vendor

Date

Ordered

Received

Cost

Dispo-
sition

Comments

Quality Assurance Handbook M4-1.2



METER BOX CALIBRATION DATA AND CALCULATION FORM

(English units)

Date Meter box number
Barometric pressure, Pb = in. Hg Calibrated by
Gas volume Temperature
Orifice Wet test | Dry gas | Wet test Dry gas meter
manométer meter meter meter Inlet {Outlet Avga Time
setting | (V), | (Vy), (e, [ (e Dl Ceg D0 | Cedf @)
in. K0 | £t £t3 °F | °F | °F °F |min * lin. H0
0.5 5
1.0 5
1.5 10
2.0 10
3.0 10
4.0 10
Avg
| A v = Vg Pylty + 460) @, = - 0:0317 AH [(tw+ 460) O] :
B[ 13-6 11 v (R, + 1—;‘—1:[—6) (c +a60)| + Fp (tg 460 | Vg
0.5 {0.0368
1.0 10.0737
1.5 10.110
2.0 {0.147
3.0 j0.221
4.0 10.294

If there is only one thermometer on the dry gas meter, record the temperature

under td'

Quality Assurance Handbook M4-2.3A (front side)

s
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METER BOX CALIBRATION DATA AND CALCULATION FORM (English units)

Nomenclature: A
Vw Gas volume passing through the wet test meter, ft3.
V4 = Gas volume passing through the dry gas meter, ft3.
tw Temperature of the gas in the wet test meter, °F.
td. Temperature of the inlet gas of the dry gas meter, °F.
1
td Temperature of the outlet gas of the dry gas meter, °F.
o
td Average temperature of the gas in the dry gas meter, obtained by the average td ~and
o
_ td , °F. 1
O .
AH = Pressure differential across orifice, in. H,0.
Y. Ratio of accuracy of wet test meter to dry gas meter for each run} tolerance Y. =
i i
Y t£0.02Y.
Y = Average ratio of accuracy of wet test meter to dry gas meter for all SixX runs;
tolerance Y = Y 10.01Y.

AH@, Orifice pressure differential at each flow rate that gives 0.75 ft3/min of air at
standard conditions for each calibration run, in. HZO; tolerance = AH@ 10.15
(recommended) .

AH@ = Average orifice pressure differential that gives 0.75 ft3/min of air at standard
conditions for all six runs, in. H20; tolerance = 1.84 +0.25 (recommended).
® = Time for each calibration run, min.
Py Barometric pressure, in. Hg..

Quality Assurance Handbook M4-2.3A (back side)



METER BOX CALIBRATION DATA AND CALCULATION FORM

(Metric units)

Date Meter box number
Barometric pressure, Ph = mm Hg Calibrated by
Gas_volume - Temperature
Orifice Wet test | Dyy gas | Wet test Dry gas meter o
manomgter meter meter meter | Inlet |[Outlet [Avg Time
setting (vg), (vd;, (e | (e Dl (b D, [ e | @0 ] e,
mn H,0 m m °C °C °C °C min T fmm HyC
10 0.15
25 0.15
40 0.30
50 0.30
75 0.30
100 0.30
Avg
| e ¢ o ufpitg T ne = 0:00117 AN [(twv+ 273) er
Ho| P01t v e v By @ vt Ty (g +273) w
101 0.7
2511.8
40 | 2.94
501 3.68
7515.51
100 { 7.35

a . ) B R
If there is only one thermometer on the dry gas meter, record the temperature

under td.

Quality Assurance Handbook M4~2.3B (front side:



METER BOX CALIBRATION DATA AND CALCULATION FORM (metric units)

Nomenclature:
vV, = Gas volume passing through the wet test meter, m3.
Vd = Gas volume passing through the dry gas metér, m3.
t, = Temperature of the'gas in the wet test meter, °C.
td. = Temperature of the inlet gas of the dry gas meter, °C.
S l . .
td = Temperature of the outlet gas of the dry gas meter, °C.
o
td = Average temperature of the gas in the dry gas meter, obtained by the average of td and
t., , °C. 1
d,
AH = Pressure differential across orifice, mm H,0.
Y. = Ratio of accuracy of wet test meter to dry gas meter for each run; tolerance Y. =
i . i
Y +0.02Y.
Y = Average ratio of accuracy of wet test meter to dry gas meter for all six runs;
tolerance Y = Y +0.01Y.

AH@, = Orifice pressure differential at each flow rate that gives 0.021 m> of air at standard
conditions for each calibration run, mm H,0; tolerance AH@; = AH@ +3.8 mm H,0
(recommended).

AH® = Average orifice pressure differential that gives 0.021 m> of air at standard con-
ditions for all six runs, mm HZO; tolerance AH@ = 46.74 +6.3 mm H20 (recommended).
@ = Time of each calibration run, min.
P, = Barometric pressure, mm Hg.

Quality Assurance Handbook M4-2.3B (back side)



POSTTEST DRY GAS METER CALIBRATION DATA FORM (English units)

Quality Assurance Handbook M4-2.4A

Test number Date Meter box number Plant
Barometric pressure, Pb = in. Hg Dry gas meter number Pretest Y
Orifice Gas volume Temperature Y.
-manometer | Wet test Dry gas | Wet test Dry gas meter 1
setting, metex meter meter |Inlet |Qutlet Averagg Vw Pb (td + 460)
(2H), v.), (Vy)s (£, |(bg Dsf by ), | (ty), Time | Vacuum Y,
in. H,0 ££3 3 oF i o oF (©), | setting, A (Pb + AH )(tw + 460)
°F °F min in. Hg 13.6
10
10
10
Y =
2 If there is only one thermometer on the dry gas meter, record the temperature under td
where '
Vw = Gas volume passing through the wet test meter, ft3.
Vd = Gas volume passing through the dry gas meter, ft3.
tw = Temperature of the gas in the wet test meter, °F.
td, = Temperature of the inlet gas of the dry gas meter, °F.
1
td = Temperature of the outlet gas of the dry gas meter, °F.
o
td = Average temperature of the gas in the dry gas meter, obtained by the average of td and td , °F.
AH = Pressure differential across orifice, in. H20. N °
Yi = Ratio of accuracy of wet test meter to dry gas meter for each run.
Y = Average ratio of accuracy of wet test meter to dry gas meter for all three runs;
tolerance = pretest Y +0.05Y.
} ‘ Pb = Barometric pressure, in. Hg.
/ © = Time of calibration run, min.



POSTTES? METER CALIBRATION DATA FORM (Metric units)

Test number Date Meter box number Plant
Barometric pressure, Pb = ' mm Hg Dry gas meter number Pretest Y
Orifice Gas volume Temperature Yi
manometer | Wet test Dry gas Wet test Dry gas meter
setting, meter meter meter Inlet | Outlet Averagg Vw Pb (td + 273)
(AH), (Vw), (Vd), (tw), (td ), (td ), (td), Time Vacuum Yi
mm 1,0 v3 °3 o i 0 o (0), | setting, v, (Pb + M ><tw + 275)
°C °C min mm Hg ‘ 13.6
10
10
10
Y =

a .
If there is only one thermometer on the dry gas meter, record the temperature under td

wher

e

Gas volume passing through the wet test meter, m3.
Gas volume passing through the dry gas meter,_ms.
Temperature of the gas in the wet test meter, °C.

Temperature of the inlet gas of the dry gas meter, °C.

Temperature of the outlet gas of the dry gas meter, °C.

Average temperature of the gas in the dry gas meter, obtained by the average of td and td , °C.
i 0

Pressure differential across orifice, mm H20.

Ratio of accuracy of wet test meter to dry gas meter for each run.

Average ratio of accuracy of wet test meter to dry gas meter for all three runs;
tolerance = pretest Y +0.05Y.

Barometric pressure, mm Hg.

Time of calibration run, min.

¢ "1ty Assurance Handbook M4-2.4B



METHOD 4 FIELD AND SAMPLE RECOVERY DATA FORM

Plant Probe material Impinger | Silica gel
Location Sample box number R volume, weight,
Operator Meter box number ml g
Date Meter AH@
Run number Meter cal. (Y) Final
Ambient temperature Final leak rate
Barometric pressure Vacuum during leak check Initial
Probe length m(ft) Thermometer number
Static pressure
Pressure Meter Temperature
differential reading of gas
Stack across gas sample % Gas sample temperature leaving
Traverse | Sampling |tempéf- | orifice meter volume, - AV, at dry gas meter condenser or
point time (0),| ature, (AH), 3 3 3 n 3 Inlet ‘ Qutlet last impinger,
number min °C (°F) { mm (in.) HZO m- (ft7) m (ft7) (Tmin)°C(°F) (Tmout)°C(°F) °C (°F)

Total

Average

V final - V initial

P C : Y = .( < RS -
Acceptable Avm 0.9 number of points

<1.1 _to

Qualily Assurance Handbook M4-4.2



METHOD 4 ANALYTICAL DATA.FORM

Plant

Date

Run number

Volume of liquid
water collected

Impinger Silica gel
volume, weight,
ml g
Final
Initial
Liquid collected
Total volume collected g* ml

* Convert weight of water to volume by dividing
increase by density of water (1 g/ml):

Increase, g _
~1 g/ml = water volume, ml.

total weight

Quality Assurance Handbook M4-4.3




MOISTURE CONTENT CALCULATION FORM
(English units)

VOLUME OF WATER VAPOR CONDENSED IN IMPINGERS

£ = .ml, Vo= . ml

— —

= 0.04707 (V. - Vy) = _ _ . _ft

Equation 6-1

VOLUME OF WATER VAPCR COLLECTED IN SILICA GEL

wf=____.__g,wi=____._g
- - - 3 . _
szg(std) = 0.04715 (Wf Wi) = _ . ___ft Equation 6-2
SAMPLE VOLUME
- 3 _ _ .
[ R ¥ P = - - _ in. Hg
Y= _ s
V. YP
- m m _ 3 . -
vm(std) = 17.64 T;‘_‘ = _ - ___ft Equation 6-3
MOISTURE CONTENT
- 3 _ 3
Vm(std) = - — * - — - ft
v + Vv
Bys = veistd) wsg(std) . — _ _ Equation 6-4

Vwe(sta) * szg(std) * Vm(std)
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MOISTURE CONTENT CALCULATION FORM
(Metric units)

VOLUME OF WATER VAPOR CONDENSED IN IMPINGERS

Ve=__ . - ml, Vi = - .. .ml

= 0.001333 (Vf - Vi) = _ . m3 Equation 6-1

vwc(std)

VOLUME OF WATER VAPOR COLLECTED IN SILICA GEL

wf = _ __ .- _ 4, wi = _ __-.-_9
- - _ 3 . -
SAMPLE VOLUME
v = m3 T = OK P = mm Hg
m - —-—=-- Tm - == - 'm - = - " -
Y = _ s
vV YP
- m”m o 3 N
Vn(stq) = 0-3858 T = _ . ____m Equation 6-3
MOISTURE CONTENT
= 3 _ 3
VWC(Std) BRI szg(std) S S —
Vn(std) = = * ——— - D
v + V
Bys = weistd)  wsg(std) Equation 6-4

ws Vwc(std) + szg(std) + Vm(std)

Quality Assurance Handbook M4-6.1B



MOISTURE CONTENT CALCULATION FORM
(English and metric units)

MOISTURE CONTENT

- o o
san—___.__. F,__-_'_c
bar = — — + — _ in. Hg, _ _ _ . _ mm Hg
static _ - in. HO, _ _ . _ _mm H,0
.V.P. = . _ _in. Hg, _ _ . _ mm Hg
Bws - S.g.P =0 L
p + Static
bar 13.6

Quality Assurance Handbook M4-6.1C



METHOD 4 CHECKLIST TO BE USED BY AUDITORS

Yes No Operation

Presampling preparation

1. Knowledge of process conditions

2. Calibration of pertinent equipment prior

to each field test; in particular, the
dry gas meter should be checked before
each test

On-site measurements

3. Leak testing of sample train after sample

run

4. Addition of water and silica gel to

impingers, and correct location of
impingers

5. Constant sampling rate and not exceeding

specified rate

6. Measurement of condensed water to within

specified limits

7. Record of pertinent process condition

during sample collection

8. Probe maintained at given temperature

Postsampling

9. Calculation procedure/check

10. CcCalibration checks

COMMENTS

Quality Assurance Handbook M4-8.1
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